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THE RELATION OF RESPONSE LATENCY AND SPEED TO 
THE INTERVENING VARIABLES AND 
N IN S-R THEORY 


KENNETH W. SPENCE 


State University of Iowa 


I 


In the Princtples of Behavior Hull 
introduced his theoretical constructs 
(intervening variables) initially in 
terms of independent environmental 
variables (e.g., S., N, du, etc.), and 
completed the theoretical structure by 
anchoring them to certain response 
measures. The latter involved the 
introduction of specific ad hoc postu- 
lates that related each of the response 
measures (e.g., latency, frequency, re- 
sistance to extinction, etc.) to one or 
other of the theoretical constructs. 
Thus in the case of the response meas- 
ure (latency) with which we shall be 
concerned, Hull made the following 
assumption : 

The latency of response (R,) is a 
decreasing hyperbolic function of the 
momentary effective excitatory poten- 
tial (2), i.e, R, = aE~-*, where a and 
b are empirical parameters (Postulate 
13, p. 344). 

Attention has been called elsewhere 
(7, 8) to the point that certain of these 
postulates are entirely superfluous in 
that assumptions already a part of the 
system (i.e., earlier postulates) permit 
one to derive a necessary relation be- 
tween these response measures and one 
or other of the theoretical constructs. 
Thus in the case of the postulate in- 
troducing response probability or fre- 


quency (R°;) asa function of effective 
excitatory potential (F), the relation 
assumed is, as has been shown, deriv- 
able from definitions and postulates 
already made concerning effective ex- 
citatory potential (£), oscillatory in- 
hibition (O) and reaction threshold 
(L). In this particular instance, the 
postulate Hull made (normal integral 
function) happened to be identical 
with the relation that may be derived 
from assumptions already a part of 
the system (6). In the case of the 
latency measure, however, it may be 
shown that the postulate he assumed 
is actually inconsistent with a neces- 
sary relation that follows from earlier 
assumptions. ‘The main purpose of 
the present article is to consider the 
implications for this relationship of 
the assumptions already made con- 
cerning E, O, and L, and to extend 
their implications to the empirical laws 
(learning curves) to be expected be- 
tween response latency and speed, on 
the one hand, and the variable N on 
the other.! 

We need to recall first that momen- 
tary effective excitatory potential, EF, 
is equal to E — O, and that a response 

1The assumptions made concerning O are 
those given in Hull’s Principles of Behavior 
(3), not those in his later Essentials of Be- 
havior (4) and A Behavior System (5). 
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The shaded portions of the upended normal distribution functions show the 


probability of FE being greater than L for two levels of E 


is assumed to occur to a stimulus only 


when (a) E is greater than L, and 
(b) when an O value exists that is 


sufficiently small to make the value of 


E greater than L. Oscillatory inhi- 
bition (O), it will be remembered, is 
assumed to change in value from mo- 
ment to moment, the distribution of 
the values being postulated as nor- 
mally distributed. The problem be- 
comes one, then, of determining the 
average time, t, before a momentary 
O value occurs that will provide an E 
value greater than L. 

Let P be the probability of occur- 
rence of such an O value. Then the 
probability that such a value of O 
will be the first one to occur is P; 
the probability that such a value will 
be the second is (1—P)P; the prob- 
ability that it will be the third is 
(1—P)(1-—P)P or P(i-P)?, ete. 
Considering now an indefinitely large 
number of occasions on which the 
stimulus is presented, and represent- 
ing the number of occurrences of mo- 
mentary O values on any occasion by 
n, we may weight each possible value 
of n by its probability (expected rela- 
tive frequency), and thus obtain a 


mean expected value of m. Estes (1) 
has shown that this mean value, f, 
is equal to1/P. In other words, 7 is 
the mean expected number of momen- 
tary O values that will occur on each 
stimulus occasion until an O value 
that provides a superthreshold E value 
will occur. 

If now we let u’ represent the aver- 
age time or duration of a momentary 
O, then the average time, é, for a 


superthreshold FE value to occur will 
be the product of the expected number 
of momentary O values that will occur 
and the mean duration of a momen- 
tary O. 


Ul 


i = fu’ = — (1) 
=nu’ =—. 

P 
In terms of an average measure of 
speed of response evocation (%), this 
equation becomes 


d= 1/t uP, (2) 


where 


u=1/u’. 


Figure 1 represents two levels of E 
and shows their relation to L and O. 
The probability (P) of O being a value 
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that will produce a superthreshold E, 
which can also be described as the 


probability that EF is superthreshold, 
[p(E > L)], is given by the propor- 
tion of the upended normal distribu- 
tion that is above L. This yields 


E—L—2.500 


P=p(E>L)= f (O) dO. (3) 


e i) 

Since E is assumed to be an exponen- 
tial function of N,i.e., E=A(1—e-*’), 
it is possible to ascertain the theoreti- 
cal function that P is of NV by means 
of a table of cumulative probability 
values of the normal curve. Figure 2 
shows the family of theoretical curves 


of the proportion of superthreshold E 


values, p(E > L) as a function of N 
for different curves of growth of BE. 
When multiplied by the parameter, u, 
representing the reciprocal of average 
duration of a momentary O value, 
such curves provide a theoretical pre- 
diction of 6 as a function of NV. The 
relationship is identical in form, it 
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should be noted, with the theoretical 
frequency measure in classical condi- 
tioning (7) and implies an initial period 
of positive acceleration, providing that 
the data represent the major portion 
of the total possible learning and not 
just some later part of it. 

Now the measure ?@, it should be 
noted, is a measure of the time it takes 
to get the effector activity initiated. 
As such it does not involve the time 
or duration of whatever neuromuscu- 
lar activity is involved on the part of 
the subject in the measuring situation. 
In actual practice, however, any meas- 
urement of response latency must also 
involve the time taken by the action 
of the effector system. Presumably 
our so-called latency measures, or 
measures of response time, represent 
a summation of these two durations 
so that, if we let 7 represent the ob- 
tained experimental measure of re- 
sponse time, ¢ the measure of action 
latency, and ?¢’ the duration of the 
effector activity involved in the meas- 


l l 1 j l 
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Fic. 2. Family of theoretical curves of the proportion of superthreshold E values 
as a function of .V for different curves of growth of EF 
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uring operation, then 
T=i+'. (4) 


A similar equation can be derived 
for a measure of speed of response (V) 
as follows: 


(5) 


The problem immediately arises as 
to how ?¢’ (and its reciprocal, v’) vary 
with E. The present writer has not 
been able to derive a relation between 
t’ and E from any of the existing pos- 
tulates of the system. Accordingly, 
the working hypothesis is made that 
the relation is the simple hyperbolic 
one shown in the following equation :* 

‘ 
(E — L) 

Substituting now in equations 4 and 
5, we obtain the following equations 
as representing the functions relating 
the experimental measurements of 


t’ = where ¢ 1s a constant. 


time (7°) and speed of response (V) in 


simple instrumental conditioning to E: 


(6) 


(7) 


(E —-L) 


An interesting implication of the 
above theorizing is that the shape of 
the curve of V as a function of FE, and 
hence of NV, will depend upon the mag- 
nitude of the parameter c, which is 
experimentally manipulable by vary- 
ing the amount (duration) of motor 
activity involved in the measurement 
of the response. Thus in the simple 
approach type of situation (locomo- 
tion in a straight alley), one could 
vary the value of c by measuring the 

* This implies, of course, that the relation 
— nar of activity (v’) and £ is linear. 
(E-L 


c 


t= 
v 
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response for different lengths of run- 
way. When a minimum length of 
alley was employed, ¢ would approach 
zero, and equation 7 would become 
identical with equation 2. Under this 
condition, the speed measure would 
provide an initially positively accel- 
erated curve. 

As the length of the runway involved 
in the measurement is increased, the 
value of c will increase, and the family 
of speed-of-response (v) curves as a 
function of N would be expected to 
vary in their initial phase from positive 
to negative acceleration. By select- 
ing an appropriate length of runway, 
one should be able to obtain a curve 
that is linear in its early course of 
develcpment. Finally, it should be 
noted that the theory implies that if 
the measurement (t’) is taken from a 
point after the activity has started, 
the curve for speed of running (v’) as 
a function of N should be a negatively 
accelerated exponential function, i.e., 


The above derivations concerning 
the relation of the measures, response 
time and speed of response to N in 
instrumental learning, assume that the 
growth of E is an exponential one of 
the type that Hull employed. This 
assumption, in turn, depends upon the 
postulate that /7 grows in this manner 
and that the other factors determining 
E, such as stimulus dynamism Q, drive 
D, incentive motivation A, and work 
inhibition J, are constant throughout 
the course of the training period. By 
means of various experimental tech- 
niques, such as distributing the trials, 
having only a few trials a day (3 or 4), 
etc., it is possible to keep Q, D, and / 
fairly constant. The situation is not 
so simple so far as the incentive moti- 
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vational factor, K, is concerned. In 
recent discussions of theories of learn- 
ing (6) the writer has suggested that 
this factor K might represent a stimu- 
lus dynamism, that provided by the 
proprioceptive component (sg) of the 
fractional anticipatory goal response 
(rg). According to this notion, in in- 
strumental learning involving reward, 
one also has classical conditioning 
taking place so that a fractional part 
of the goal response becomes condi- 
tioned to the stimulus situation. With 
conditioning, this 7g and its cue sg, by 
virtue of generalization, move forward 
in time and thus become a part of the 
internal stimulus complex determining 
the strength of the instrumental re- 
sponse. Thus it is a kind of acquired 
motivating factor, the strength of 
which depends not only on the condi- 
tions of reinforcement (i.e., magnitude 
and delay of reinforcement), but also 
on the stage of training, i.e., number 
of reinforced trials (.V). 


This hypothesis has a number of 
important implications, not only for 
experiments involving different mag- 
nitudes and delays of reinforcement, 
but also for the nature of the learning 
(performance) curve in simple instru- 


mental learning. Confining our in- 
terest here to the latter problem, we 
shall consider the implication of the 
variation of A during learning without 
taking into account how this motiva- 
tional variable interacts or combines with 
the other two motivational constructs, 
Q and D. 

According to our assumption con- 
cerning #, and ignoring D and Q, 


R = f(E) = (K X FJ). (9) 
Substituting for A and // their postu- 


lated relations to N, we obtain the 
following : 


R = f(E) = (B— (B— x)e*] 
x [A — (A —x)e-*¥]. (10) 
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According to equation 9, the growth 
of E as a function of N would be ini- 
tially positively accelerated instead of 
the negatively accelerated exponential 
function that would obtain if K were 
some constant value. In view of the 
fact that the curves of learning, e.g., 
V = f(N) and wv’ = f(N), are deter- 
mined in part by the growth of &£, it 
is readily apparent that we need to 
take this function into account in 
making any predictions as to the form 
of these curves. Thus, one interest- 
ing implication of this hypothesis is 
that if one were to establish K at a 
maximum (hence constant) value by 
setting up the classical CR (S, — rq) 
to the sight and sound of the lever 
(S.) prior to the beginning of the instru- 
mental Jearning, the growth of E would 
now be expected to be a negatively 
accelerated function throughout its 
course. Under this condition, the 
period of positive acceleration of the 
speed of response evocation curve 
6 = f(N) should, other things being 
equated, be less than under the normal 
procedure in which the classical con- 
ditioning proceeds along with the in- 
strumental learning. 

In a similar fashion, one may pre- 
dict that curves of speed of running 
(v’ = fN) would be a negative growth 
function only under the condition in 
which K is a constant, and would tend 
to exhibit an initial phase of positive 
acceleration to the extent that K grows 
from zero to its maximum throughout 
the course of learning the instrumental 
response. It is probably the case that 
K is, as the result of transfer from past 
experience, already considerably de- 
veloped in the simple running situa- 
tion under normal illumination condi- 
tions, with the consequence that the 
curve of growth of E is distorted only 
slightly from the negative exponential 
function that holds when K isconstant. 
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IIl 


In this section some of the problems 
connected with the experimental test- 
ing of these theoretical implications 
will be discussed. If one examines 
the existing data from instrumental 
learning investigations, it will be found 
that a variety of curves of speed of 
response (reciprocal of latency or re- 
sponse duration) have been obtained. 
Of some score of curves, both from 
the literature and from unpublished 
studies conducted in the Iowa labora- 
tory examined by the writer, it was 
evident that the majority showed a 
relatively brief initial period of posi- 
tive acceleration followed by a period 
of prolonged negative acceleration to 
the asymptote. The second most fre- 
quently observed type was linear in its 
early portion (10 to 15 trials), followed 
by a negatively accelerated approach 
to the limit. A few curves exhibited 
negative acceleration throughout their 
course. It is the writer’s impression 
that the latter type of curve tends to 
occur when the drive is very high, 
such as in running to escape an electric 
shock or under a strong hunger drive. 

Unfortunately, these data are not 
very satisfactory for the reason that 
they are typically group curves in- 
volving the mean or median of a whole 
group of subjects. The forms taken 
by such group curves may deviate 
markedly from the curves of individual 
subjects, as Hayes (2) has recently so 
nicely demonstrated. The reasons for 
this become obvious when we consider 
that there are marked differences 
among individual subjects, not only in 
initial and final levels of performance, 
but also in their different rates of learn- 
ing, i.e., their different rates of ap- 
proach to the performance asymptote. 

A number of alternatives to the use 
of such group curves suggest them- 
selves. One is to employ the data 
of individual subjects. The notorious 


variability of individual measures from 
trial to trial, however, usually necessi- 
tates some form of averaging of the 
individual measures in terms of blocks 
of trials, a procedure which also often 
leads to distortion of the curve. Thus 
if an individual curve that shows an 
initial phase of positive acceleration 
within the first 10 trials followed by 
a negatively accelerated phase is aver- 
aged in terms of successive blocks of 
10 trials each, the initial period of 
positive acceleration will be lost en- 
tirely. The most satisfactory manner 
of treating individual measures, par- 
ticularly measures of speed of response, 
would appear to be the moving aver- 
age method with small blocks of trials, 
e.g., three trials in a block. 

As an alternative to these curves 
based on individual measures and aver- 
ages of a group of subjects, the writer 
has employed curves based on “‘like,”’ 
or homogeneous, subjects. The ho- 
mogeneitvy of the subjects can be ascer- 
tained in terms of the likeness of 
the subjects’ performances at different 
stages of the practice or throughout 
the total learning period. Thus, in 
the case of the frequency measure in 
classical conditioning, the subjects’ 
scores in terms of the total number of 
CR’s occurring in a given number of 
trials, e.g., 100, can first be deter- 
mined, and then groups of “‘like’’ sub- 
jects can be formed in terms of those 
that fall in a small range of scores, 
such as from 20 to 30 CR’s, or from 
50 to 60, etc. The writer has shown 
that such data from different parts of 
the distribution of total CR scores pro- 
vide very smooth, comparable curves 
with relatively small numbers of sub- 
jects. In such curves the form is not 
a function of the distribution of the 
individual scores. 

There are, of course, further refine- 
ments that can be made in this pro- 
cedure. For example, in terms of the 
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speed measures we have been discuss- 
ing, one could obtain measures for 
each subject at the beginning, at some 
intermediate point, and at the end of 
the learning, and then form groups of 
subjects that are alike at all three 
points rather than alike only on the 
basis of an over-all performance meas- 
ure. As psychology moves into a 
period when testing of its theories re- 
quires the evaluation of the empirical 
data in terms of the precise form of 
some predicted lawful relation, more 
refined procedures for ascertaining the 
nature of the function will have to be 
made available. 

A second point in connection with 
the testing of these theoretical impli- 
cations is that the experimenter must 
define his response measures more pre- 
cisely. Thus the present theory makes 
it necessary to differentiate between 
measures that involve starting of the 
action, the duration of the activity 
once set going, and combinations of 
both. The predicted differences in 
these various measures provide one of 
the most feasible ways of testing the 
theory. Similarly, the motivational 
conditions, relevant and _ irrelevant, 
will have to be carefully controlled 
and their possible differential effects 
taken into consideration. 

Undoubtedly, the most difficult task 
will be that of arranging the experi- 
mental conditions so that there are no 
competing responses in the situation; 
for the theoretical model assumes but 


a single response, not a number of 
Most instances 


competing responses. 
of instrumental conditioning are really 
limiting cases of trial-and-error learn- 
ing in which competing responses, 
while minimized, still play a more 
or less important role. Obviously, 
the occurrence of other competing 
responses in such simple learning sit- 
uations involves time and thus impor- 
tantly affects speed measures. More- 
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over, it is an unfortunate fact that 
interference from such competing re- 
sponses is greatest at the beginning of 
instrumental learning when the re- 
warded response is weak. Later in 
the learning, this response is so much 
stronger than the competing ones that 
the latter are unable to interfere. 

Elimination of competing responses 
will necessitate both experimental pro- 
cedures and objective criteria for elim- 
inating data on trials on which com- 
peting responses do occur despite the 
experimental controls. Particularly 
important also is control of the re- 
sponse orientation of the subject just 
prior to the presentation of the stimu- 
lus. A procedure that has been tound 
to be quite successful in obtaining such 
control in a very few trials (two to 
four) is to employ two daors, one 
opaque and the other glass, in the 
starting box of an operant situation 
such as the straight alley. Each trial 
is started by the experimenter raising 
the opaque door first and then, at a 
fixed interval (three seconds) there- 
after, the glass door. The raising of 
the opaque door serves as a warning 
signal for the subject, which very 
quickly comes to be set to respond to 
the raising of the glass door. Simi- 
larly, measuring techniques will have 
to be as precise as possible, particularly 
in measuring the speed of response 
evocation. Thestop watch will hardly 
serve for our present purposes. 

Finally, in addition to controlling 
competing responses, it will be neces- 
sary to minimize transfer from past 
experience so that the strength of the 
S-R is sufficiently low to provide a 
picture of the major portion of the 
total learning. It is particularly im- 
portant from the point of view of the 
present theory that a good share of 
the initial phase of learning be repre- 
sented in the data. 
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IV 


In the preceding sections we have 
elaborated some of the implications 
with respect to the form of the speed 
of response evocation curve of learning 
of the original theoretical model put 


forward by Hull in his Principles of 


Behavior. The present treatment dif- 


fers somewhat from that given by Hull 
in that certain implications of his pos- 
tulates with respect to excitatory po- 
tential (#), oscillatory inhibition (OQ), 
and threshold (L) were developed, with 
the consequence that it was possible 


to derive the relation to be expected 
between speed of response evocation 
(=) and FE. By means of an assump- 
tion relating speed of running (v’) to 
E, additional implications were drawn 
concerning measures that involved 
various combinations of the two meas- 
ures, speed of response evocation (7) 
Also con- 
sidered were certain problems relating 


and speed of running (v’). 


to the obtainment and treatment of ex- 
perimental data bearing on the theory. 
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CONDITIONING AS AN ARTIFACT 


KENDON SMITH 


The Pennsylvania State University? 


The case for a pure reinforcement 
theory of learning has been strongly 
put by recent papers (20, 21, 26, 40), 
and it is difficult now to escape the con- 
viction that such a view is essentially 
correct. 

In spite of its fundamental strength, 
however, reinforcement theory has re- 
mained weak in one respect. It has ex- 
perienced continual difficulty in han- 
dling the problem of autonomic, visceral 
learning. To be consistent, Hull was 
obliged to maintain that reinforcement 
was crucial even in the presumed acqui- 
sition of such responses as salivation, 
alteration of skin resistance, cardio- 
vascular changes, etc. This he did (19, 
pp. 76-80), although not as flatly as he 
is sometimes said to have done. Hull 
thus arrived at a position that many 
have regarded as untenable; for, al- 
though it is possible to imagine rein- 
forcemental factors at work in some in- 
stances of alleged visceral learning, 
there are many other instances in which 
the influence of such factors seems to 
be completely out of the question. 

One variant of reinforcement theory 
that is designed to meet the situation 
more adequately is the so-called “two- 
factor” theory. It has been most re- 
cently and most vigorously promoted 
by Mowrer (29, 30), but Mowrer’s 
views are in reality quite similar to 
those previously advanced by Thorn- 
dike (44, pp. 401-412) and Skinner 
(39, pp. 109-115). Mowrer differenti- 
ates between conditioning and problem 


1The writer wishes to acknowledge with 
real appreciation the helpful and sustained in- 
terest of his colleagues, Professors Joseph H. 
Grosslight, John F. Hall, and William M. 
Lepley. 
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solving. The first term refers to the 
process of learning by a stimulus-sub- 
stitution, contiguity principle; the sec- 
ond term, to that of learning by a prin- 
ciple of reinforcement. Conditioning is 
alleged to occur specifically via the au- 
tonomic nervous system, and problem 
solving to be mediated solely by the 
“central” (i.e., somatic) nervous sys- 
tem; a sharp distinction between the 
two neurological divisions is drawn and 
emphasized. 

Such incisive dualism has an unde- 
riable appeal. It suffers, however, from 
a disquieting lack of parsimony. It is 
extremely difficult to believe that “‘vis- 
ceral learning” and somatic learning, so 
alike in so many respects, must be ac- 
complished by two different principles 
(cf. 38). The resolution of the prob- 
lem thus appears to lie elsewhere. 

As it happens, there exists a rather 
simple way to save reinforcement, and 
parsimony with it. One can begin by 
accepting the notion that somatic learn- 
ing is reinforcemental learning. He can 
then go one step further than Mowrer 
has, and expunge from the viscera not 
only problem solving but conditionin 
as well. 


Oo 


~ 


This procedure leaves the law 


of effect to rule in monistic majesty. 
Of course, it also makes the autonomic 
nervous system totally uneducable; but 
that, it can be asserted, is as it should 


be. For it can be argued that every 
“conditioned visceral response” is in re- 
ality an artifact, an innate accompani- 
ment of the skeletal responses inculcated 
by the conditioning process. 

The present paper will, in fact, at- 
tempt to defend this general line of 
thought. 
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Tue ARGUMENT AND A SPECIFIC 
INSTANCE 


In the elaboration of this proposal, it 
might be wise to begin with a concrete 
example. The galvanic skin response 
and its “conditioning” would seem to be 
appropriate. 

When an attempt is made to condi- 
tion the galvanic skin response, the pro- 
cedure generally pairs a neutral condi- 
tioned stimulus with an unconditioned 
stimulus that is more or less noxious in 
nature, typically an electrical shock. 
Several pairings will eventuate, in some 
subjects, in a new correlation between 
the GSR and the originally neutral 
stimulus. “Conditioning’* has _ oc- 
curred. 

Anyone who has actually carried out 
this procedure knows, however, that the 
foregoing account is seriously incom- 
plete. The subject is not by any means 
a passive hulk during the entire pro- 
gram. In particular, he soon comes to 
regard the conditioned stimulus as a 
signal for a muscular “bracing” against 
the noxious stimulus to come; presum- 
ably this bracing, being somatic, is a 
matter of reinforcemental learning. At 
any rate, one would expect such skeletal 
activity to be accompanied by the GSR, 
simply as a matter of innate neural con- 
nections. The occurrence of the condi- 
tioned GSR is thus hardly surprising, 
and it can be explained without recourse 
to a principle of autonomic learning. 
It is, in short, an artifact. 

Now, at least two objections arise im- 
mediately. The first is that a scheme 
that works so well for one response, the 

“Inasmuch as this paper ultimately arrives 
at the conclusion that “conditioning” does not 
actually exist, the term itself has been treated 
so far in a rather gingerly fashion. In the 
interests of clean typography, quotation marks 
will be omitted from now on; but when con- 
ditioning and similar terms are used, they are 
meant to be read as if quotation marks were 
still present. 
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GSR, may not work at all for others: 
what about salivation, for instance? 
This is a reasonable misgiving, but it 
will be reserved for later consideration. 
The second objection is basic and seri- 
ous, and it will be faced immediately. 

The difficulty is this: Although it 
may seem quite natural to think of 
somatic responses as somehow “caus- 
ing” their concomitant autonomic reac- 
tions, and although such a notion fre- 
quently finds expression in the litera- 
ture, it is well to remember that the 
causal sequence is actually most ob- 
scure. It is entirely possible, for in- 
stance, that the muscular tension and 
its associated GSR arise as_ parallel 
events from a common _ innervation. 
The conservative view would seem to 
be that there is no distinguishable pri- 
ority as between tne two responses. 
By what right. then, is one considered 


the “real” response and the other a 


mere by-product? 
Common sense would very likely an- 


swer that question rather readily: “The 
muscular response is the real response, 
because it is conscious; I didn’t even 
know there was a ‘galvanic skin re- 
sponse’ until you told me about it!” 
Common sense thus suggests an answer 
which makes a certain amount of scien- 
tific sense too. 

The combined, bracing-GSR reaction 
has already been pictured as a unitary 
one; and it was agreed to begin with 
that somatic responses attach them- 
selves to new stimuli according to a re- 
inforcemental paradigm. It follows, 
therefore, that the combined response, 
as a unit, gets about by reinforce- 
ment. Now, the acquisition and main- 
tenance of a voluntary (i.e., reinforce- 
mentally acquired) response is depend- 
ent upon the existence of afferent cues 
(cf. 4, pp. 524 ff.).°. The skeletal re- 

3It is perhaps possible that this dependence 
stands as a testimony to the importance of 
immediate higher-order reinforcement; the af- 
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sponses, in the case at hand, provide a 
wealth of afferent information; but the 
autonomic reactions generate no regu- 
latory feedback whatsoever. Acquisi- 
tion of the whole response pattern, 
therefore, would seem to depend upon 
the integrity of the somatic component. 
If it were not for the muscular response, 
the GSR would not exist; but the GSR 
could be eliminated, perhaps by sym- 
pathectomy, and the bracing response 
would remain unaffected. The GSR is 
truly, in this sense, a secondary phe- 
nomenon, a by-product. 

The earlier analysis of the conditioned 
GSR thus appears to be valid. At the 
same time, examination of this particu- 
lar instance has generated a logic that 
can be applied to other instances of 
alleged autonomic learning. If it can 
be shown that the development of any 
new autonomic response is coincident 
with the growth of a somatic response 
known to have such an autonomic re- 
sponse as a regular correlate, it is legiti- 
mate to label the autonomic response as 
a secondary effect and the conditioning 
as bogus.* 

The question remaining, then, is this: 
Do other instances of conditioning fit 
this pattern well enough to permit gen- 
eralization of the artifact hypothesis? 


APPLICATIONS IN OTHER INSTANCES 


As one might expect, some varieties 
of conditioning conform to the pattern 
quite obviously, and others do not. 
For example, there are quite a few au- 
tonomic responses which, like the GSR, 


ferent cues may constitute particularly prompt 
rewards and punishments. In any event, the 
dependence seems to be a fact. 

4It is true that some visceral responses 
arouse afferent neural activity. As a class, 
however, these responses are sluggish, and the 
afferent information that they provide is 
greatly delayed in returning to the central 
nervous system. It can be presumed that 
there might as well be no return at all, 


219 


are known to be associated with the 
diffuse skeletal reactions that develop 
during a conditioning procedure. The 
foregoing discussion might just as well 
have revolved about the response of 
vasoconstriction as about the GSR; 
thus, conditioned vasoconstriction (2, 
25, 37) fits the theory well. The same 
might be said for the few reported in- 
stances of conditioned vasodilation (2, 
25), and for conditioned cardiac de- 
celeration, which was recently observed 
in animals and human beings (22, 31). 
On the other hand, there are also in- 
stances that do not fall into place quite 
so neatly. Nevertheless (and this is 
the burden of the paragraphs to come), 
they do not, on close examination, pre- 
sent the prohibitive difficulties one 
might expect. 

A case in point is that which gener- 
ated the concept of conditioning in the 
first place: the salivary reflex. Every- 


one knows about Pavlov’s classical ex- 
periments, and everyone knows that 


Pavlov induced his experimental ani- 
mals to salivate on signal. It is not 
quite so widely known, however, that 
the animals did several other things be- 
sides salivating. Of special interest at 
the moment is the fact that they dis- 
played gross skeletal responses. Pavlov 
observed movements of the head and 
“smacking . . . [of the] lips” (32, pp. 
29-30), the animal appearing “. . . to 
take the air into its mouth, or to eat 
the sound” of the conditioned stimulus 
(33). Pavlov spoke frequently of the 
“alimentary reflex” or the “complex re- 
flex of nutrition” (32, cf. pp. 13-14), 
and emphasized the fact that he was 
dealing with a pervasive pattern of be- 
havior rather than with salivation alone. 

These facts are manifestly made to 
order for the present hypothesis. Fur- 
ther, they have been confirmed by later 
experimenters. Zener, who also worked 
with the salivary reflex in dogs (48), 
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sometimes saw “chewing and licking” 
responses when the conditioned stimulus 
was administered; Zener and McCurdy 
(49) reported a correlation between 
rate of salivation and rate of chewing. 
And Moore and Marcuse, who stoutly 
undertook to condition the salivary re- 
sponses of two sows (27), were explicitly 
concerned that the observed salivation 
might be due to oral activity. The rec- 
ords obtained by Moore and Marcuse 
seemed to give negative indications. 
These experimenters, nevertheless, had 
finally recognized the possibility, which 
had been so curiously neglected until 
their time, that the salivary responses 
were not essentially independent of the 
motor responses in the animal’s behav- 
ior, but rather that the visceral activity 
of selivation was a natural concomitant 
of the acquired somatic activities of 
chewing, swallowing. etc. In this case, 
it might be noted, the possibility of con- 
comitance had existed not only in the 
sense in which it has been developed in 
the foregoing discussion. It had existed 
also in the more obvious sense that 
sheer mechanical stimulation arising 
from oral activity could be expected to 
elicit salivation directly. 

Of special interest at this point are 
Razran’s reports of conditioned salivary 
responses in human subjects. Razran’s 
experiments are well known, but it 
might be emphasized that, here once 
again, it was a complex process that 
was under investigation. Early results 
were rather widely irregular (34). and 
Razran soon came to recognize the im- 
portance of his subjects’ “attitudes” 
(34, 35, 36). It turned out also that 
the act of thinking was important in 
the experimental results: “. . . it is 
seemingly not mere ‘willing’ but think- 
ing of some more or less specific stimu- 
lus or response that produces a volun- 
tary flow of saliva” (34, p. 9). Ex- 
plicit instructions to “form associations” 
between conditioned and unconditioned 
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stimuli “produced very effective posi- 
tive conditioning,” while instructions to 
avoid forming associations usually had 
an opposite effect. It was even possible 
to substitute the thought of eating for 
actual eating, as the wsnconditioned 
stimulus, and still have a_ successful 
experiment. 

Razran cautioned his subjects against 
gross oral movements, and his injunc- 
tions were evidently obeyed (34); thus 
the skeletal responses that might have 
evoked salivation were not as obvious 
in this instance as they were in the case 
of animal conditioning. Nevertheless. 
the fact that thought processes seemed 
so important is quite suggestive. If 
there is anything at all to a motor 
theory of thought and imagination, one 
must acknowledge the possibility of oral 
activity similar in nature, if not in 
magnitude, to that of the animal sub- 
jects. If such activity occurred, it 
might well have evoked the measured 
salivation. To be emphasized, also, is 
the role of gross bodily tension. Raz- 
ran’s subjects were hungry, and _ the 
food signal might well have led to a 
certain degree of general muscular re- 
laxation in anticipation of ingestion. 
Such relaxation could be expected to tip 
the autonomic balance toward parasym- 
pathetic dominance and thus toward 
salivation. 

It appears, then, that the conditioned 
salivary response is not beyond recon- 
ciliation with the notions proposed 
earlier. Attention may now be turned 
to another standard example of visceral 
learning: the conditioned pupillary re- 
sponse, which is of special interest in 
the present context principally because 
it evidently does not exist. 


THE PUPILLARY RESPONSE 


It is, perhaps, surprising to discover 
that pupillary conditioning is even in 


doubt. The early reports of Cason (5) 
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and Hudgins (17) were optimistic and 
well publicized. They mentioned not 
only iridic conditioning but even “‘vol- 
untary control” (17) of the pupillary 
response. In 1934, Steckle and Ren- 
shaw reported an attempt to condition 
the pupillary reflex (42); the attempt 
was unsuccessful, and the experimenters 
expressed some skepticism about the 
earlier accounts. The ensuing discus- 
sion in the literature (18, 41) made it 
clear that these earlier studies had been 
replete with technical difficulties that 
left considerable room for subjective, 
judgmental factors. In 1936, in the 
second of the two papers last men- 
tioned, Steckle again reported negative 
findings. 

In 1938, positive results were claimed 
once more. Baker described iridic con- 
ditioning to “subliminal’* and supra- 
liminal sounds (1). Conditioning was 
alleged to be particularly rapid and 
stable when subliminal stimuli were em- 
ployed. An elaborate repetition of 


Baker’s work by Wedell, Taylor, and 
Skolnick (45) failed to confirm his re- 
sults, as did a careful check by Hil- 


gard, Miller, and Ohlson (16). A re- 
cent and thorough exploration by Hil- 
gard, Dutton, and Helmick (14) has 
again produced very little evidence of 
successful iridic conditioning. Citing 
similar results with animals as well as 
with human beings (43), these latter 
authors warn that continued negative 
findings may force a revision of ac- 
cepted learning theory. 

In terms of the matter at hand, the 
defection of the pupillary response has 
a double significance. In the first 
place, it means that no theory need be 
seriously concerned with accounting for 
the existence of a conditioned iridic 
reflex; the present formulation, along 
with others, thus escapes a certain 
amount of travail. In the second place, 
and more importantly, the failure of 


the pupillary response is materially em- 
barrassing to a conditioning theory of 
visceral learning. Here, in the hands 
of competent workers, the principle of 
contiguity has had ample opportunity 
to exhibit itself. It has not done so. 
If “contiguity” and “artifact” are re- 
garded as exhaustive alternatives, the 
artifact hypothesis appears to be the 
sole survivor. 

It is of some incidental interest to 
speculate as to why conditioning should 
fail in the special instance of the pupil- 
lary response. It might be suggested 
that the changes in level of illumina- 
tion that are customarily employed in 
iridic-conditioning experiments are of 
no practical consequence to the sub- 
jects, and that, therefore, no antici- 
patory skeletal responses are acquired. 
There being no acquired skeletal re- 
sponses, there is no conditioning. 

In this connection, it is worth noting 
that unexplained failures characterize 
almost every conditioning experiment. 
Some subjects condition, and others do 
not. Such vagaries are much more 
suggestive of individual differences in 
personality structure than they are of 
the presumed essential similarity of 
fundamental neurological processes from 
person to person. One thinks of greater 
and lesser tendencies toward anticipa- 
tion, anxiety, and (literal) tension as 
perhaps underlying the personal varia- 
tions in conditionability. It is evident 
that the recently reported correlations 
between anxiety level and _ condition- 
ability fit in rather neatly with such a 
conceptualization (3, 31, 46). 


TESTS AND TESTABILITY 


The foregoing evidence is taken to be 
strongly favorable to an artifact theory 
of conditioning. It hardly suffices to 
close the matter, however. It seems ap- 
propriate now to examine other lines of 
evidence, formal and informal, actual 
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and potential, which might have a bear- 
ing upon the hypothesis at hand. 

From everyday experience comes the 
first datum: it is notoriously possible to 
forestall an untoward visceral response 
by “not thinking about it.” Stimuli 
that might otherwise elicit nausea, 
flushing, or sexual reflexes lose much of 
their effectiveness when one refuses to 
dwell on their implications. If thought 
is somatic, it would thus appear that 
the autonomic response depends upon 
the somatic and does not arise inde- 
pendently of it. There are clear and 
perhaps important implications here for 
a further understanding of such phe- 
nomena as hysterical nausea and psy- 
chological impotence. 

A somewhat similar argument also 
arises from everyday experience. Shef- 
field (38) has well pointed out the ob- 
vious fact that bowel and bladder func- 
tions are in some sense subject to rein- 
forcemental training. An equally ob- 


vious fact, to be emphasized here, is 


that such training is conducted in terms 
of massive somatic responses, and that 
everyday visceral control is exercised 
only by virtue of diffuse contractions of 
the skeletal musculature. Again, it ap- 
pears that the “real” response is a so- 
matic one. 

Both of the preceding arguments bol- 
ster the basic contention that learned 
visceral activity is a by-product of so- 
matic behavior. A crucial test of this 
contention could be made if one could 
provide oneself with a subject who is 
completely passive, and even unthink- 
ing. A subject in such a state should 
not, according to theory, be susceptible 
to conditioning. Could such a situation 
be contrived under deep hypnosis? One 
can imagine a good hypnotic subject, 
instructed to relax and to “keep his 
mind completely blank,” but to remain 
awake and aware of such stimuli as 
bells and shocks; would the conditioned 
GSR appear in such circumstances? 
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To the best of the writer’s knowledge, 
such an experiment has not been per- 
formed. It must be admitted, however, 
that a rather similar situation has been 
reported, and that it does not seem to 
conform to theoretical expectations. In 
1938, Lindsley and Sassaman (24) re- 
ported the discovery of an individual 
who was able to exercise “voluntary 
control” over his pilomotor responses. 
The body hair could be erected or low- 
ered upon signal. The subject reported 
having come upon his talent more or 
less accidentally. He denied that the 
basis for his performance was controlled 
imagery: he imagined nothing in par- 
ticular; he simply “willed” the re- 
sponse. Neither were there obvious 
skeletal movements or muscular ten- 
sions to account for these hirsute ac- 
complishments. This case, anomalous 
as it is, presents difficulties for prac- 
tically any theory of conditioning. The 
only saving feature, as far as the pres- 
ent hypothesis is concerned, is that 
there were indications of a very diffuse 
activity of some sort: cardiac and pu- 
pillary effects accompanied the pilomo- 
tor responses. The possibility of a 
covert somatic response was thus con- 
siderable. 

The tenor of this discussion suggests 
a well-known animal investigation, that 
of Harlow and Stagner (12). Using 
cats as subjects, these investigators 
paralyzed the striate musculature by 
deep curarization. While the animals 
were under curare, the pupillary re- 
sponse to electrical shock (which could 
still be elicited) was conditioned to the 
sound of a buzzer. Here again is 
ostensibly negative evidence. As it has 
turned out, however, the effects of 
curare upon the neuromuscular system 
seem to be quite complex, and later ex- 
periments have found striate-muscle re- 
sponses even in deeply curarized ani- 
mals (10, 11). If Harlow and Stagner’s 
animals retained some degree of skele- 





CONDITIONING AS AN ARTIFACT 


tal responsiveness, the experiment loses 
much of its crucial aspect as far as the 
present discussion is concerned. 

One final bit of information comes 
from Mowrer. In a recent defense of 
two-factor theory (30), he has quoted 
incidental observations by Gantt to the 
effect that when a conditioned-response 
pattern embraces both motor and car- 
diac elements, the visceral, cardiac com- 
ponent often persists after the motor 
has disappeared. Such an observation, 
if well founded, might also damage an 
artifact theory. ‘The original passage 
from Gantt goes on to say, however, 
that “the respiratory component also 
accompanies the cardiac” (9, p. 51). 
Evidently, then, Gantt means by “mo- 
tor component” only realiy gross skele- 
tal behavior. Less, spectacular somatic 
responses not only could occur along 
with the autonomic responses, but ad- 
mittedly do. 

It begins to appear that an artifact 
theory is remarkably easy to defend. 
As a matter of fact, it is almost invul- 
nerable. Unless an experimenter is 
meticulous in the elimination of skele- 
tal responses, it will always be possible 
to account for visceral conditioning by 
postulating undetected somatic activity. 
And whenever visceral conditioning fails, 
one can always claim that no effective 
skeletal behavior was aroused (a stand 
already taken above with respect to the 
failure of pupillary conditioning). 

This is an unfortunate situation sci- 
entifically, but it is not unique. In the 
current controversy over “latent learn- 
ing,” for instance, the reinforcemental- 
ists find themselves in exactly the same 
The strategy in that 
instance has been to attempt to elimi- 
nate all conceivable opportunities for 
reinforcement to operate, expecting thus 
to minimize “latent learning.” Perhaps 


logical position. 


an analogous attack can be made upon 
the problem here at hand. 


RELATED NOTIONS 


The concepts sketched above are not, 
of course, completely original. There 
has long existed a general feeling that 
the conditioned reflex is somehow 
vaguely fraudulent. Hilgard, who has 
displayed a lasting interest in the sys- 
tematic status of conditioning (cf. 13, 
14, 15, 16), has quite recently taken 
a position essentially antecedent to the 
one adopted here. Two excerpts from 
his 1948 book will define his stand: 


. experiments in which autonomic con- 
ditioning takes place (salivation, galvanic re- 
sponse) are full of indirect accompaniments 
{of a reinforcemental variety]. When the 
circumstances seem almost ideal for demon- 
stroting . . . conditioning, as in attempts to 
condition pupillary contraction by presenting 
a tone along with a light, it is extremely diffi- 
cult to obtain any conditioning at all. The 
few cases which have found conditioning are 
in doubt .. . (13, pp. 119-120). 

. there is little evidence that the simul- 
taneous or nearly simultaneous occurrence of 
an incidental stimulus and an unconditioned 
response is the sufficient condition for estab- 
lishing a sensori-motor association between 
them (13, p. 334). 


An earlier (1935) and more general 
expression of somewhat the same senti- 
ment can be found in a note by Foley: 


. experimental work on conditioning in 
complex organisms ... is often completely 
vitiated by the fact that certain implicit re- 
actions, with their attendant stimulations, are 
frequently occurring simultaneously or tempo- 
rally adjacent to the predetermined stimula- 
tions experimentally administered by the in- 
vestigator (7, p. 444). 


Foley, however, does not fix his sus- 
picions upon reinforcemental factors as 
plainly as does Hilgard. Neither did 
Freeman, who summarized his experi- 
ments of 1930, on the GSR, in much 
the same vein: 


Since the quantitative results were obtained 
in a manner similar to that of animal experi- 
mentation, I have interpreted them as “condi- 
tioned responses”; but it seems that they 
might just as easily be interpreted as physio- 
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logical accompaniments of the attitudes of ex- 
pectation and surprise (8, p. 534). 

Cook and Harris (6), Lazarus and Mc- 
Cleary (23), and Mowrer in an earlier 
paper (28) have expressed similar opin- 
ions on the conditioned galvanic skin 
response. With respect to salivary con- 
ditioning, Razran (cf. 34, 35, 36) and 
Zener (48) have also emphasized moti- 
vational and attitudinal factors in quite 
general terms. 

The formulation arrived at in the 
present paper should not be confused 
with an already rather common one. A 
great many theorists have maintained, 
in one way or another, that what actu- 
ally develops as a result of stimulus 
contiguity is an association, a cognition, 
an expectancy, or, perhaps, a condi- 
tioned sensation. At any rate, this gen- 
eral view represents essentially an ex- 
tension of the contiguity principle to 
somatic learning (it is not always com- 
pletely clear how these theorists ac- 
count for the autonomic phenomena 
that arise during the conditioning proc- 
ess). Such an extension of the con- 
tiguity principle is, of course, quite op- 
posed to the theory at hand, which sets 
out to obliterate the principle entirely. 

The present view welcomes the sug- 
gestion that what really happens in vis- 
ceral conditioning is that an ‘“expect- 
ancy” develops. It would insist, how- 
ever, that such an “expectancy” is a 
somatic process, inculcated by reinforce- 
mental learning (cf. 47; 13, pp. 331- 
334) and occurring in the skeletal mus- 
culature, and that, as an innate by- 
product of this muscular activity, the 
observed visceral responses arise. 
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There is a kind of fallacy to which 
psychology seems especially prone (al- 
though it is not by any means pe- 
culiar to it) and which has been pointed 
out many times under different names 
—e.g., “faculty-naming,” “hypostatiza- 
tion,’ “the postulation of imaginary 
forces,” “verbal magic.” But its logi- 
cal structure has rarely been made ex- 
plicit, and one finds that even those 
writers who attack it frequently com- 
mit it themselves. It seemed on first 
reading that MacCorquodale and Meehl, 
in their very provocative and valuable 
paper (11), had gone a good way to- 
ward clarifying this problem, but the 
fact that their authority has been in- 
voked in support of such widely diverse 
views, including methodologies that ap- 
pear particularly disposed toward hy- 
postatization, might be taken as a sign 
that their paper has failed of its effect, 
and that a re-examination of it might 
be profitable. 

Its main burden was to draw a dis- 
tinction between two kinds of theoreti- 
cal concept—‘intervening variables,” 
whose meaning and truth were com- 
pletely reducible to those of the ‘“em- 
pirical relationships” with which they 
dealt, or which they described, and 
“hypothetical constructs,” which had 
“surplus meaning” so that the truth of 
statements involving them was not com- 
pletely reducible to the truth of state- 
ments about the empirical relationships 
in connection with which they were hy- 
pothesized. MacCorquodale and Meehl 
do not contend that either of these 
kinds is illegitimate. What they do ob- 
ject to is the surreptitious use of inter- 
vening variables as if they were hypo- 


thetical constructs—as if they could 


sustain the functions of the latter. So 
far, the argument seems perfectly sound, 
and the fallacy to which they are point- 
ing seems to be the “verbal magic” one, 
i.e., giving a name to a certain kind of 
event and then using that name as if 
it accounted for the occurrence of that 
kind of event. One example of this, I 
suggest, might be to use the phrase 
“having a valence” as meaning “being 
the object of our striving,’ and then 
seeming to account for our striving for 
something by saying that it has a va- 
lence for us. 

But when one considers their criticism 
of “libido,” one feels that they do not 
quite make the point that the situation 
one cannot use the intervening variable 
to account for is just the situation whose 
name it is. They simply say that ‘“cer- 
tain puzzling phenomena are deduced 
(“explained’’) by means of the various 
properties of libido .” (11, p. 105). 
And in their examples of “pure” inter- 
vening variables, we find that 
could hardly avoid being used in the 
illegitimate way—e.g., “valence” itself 
—and some that seem quite distinct 
from the sort of “calculational device” 
(to use Spence’s phrase) which, fol- 
lowing Tolman’s scheme for “breaking 
down into more manageable form the 
original complete f,; function” between 
behavior and the independent experi- 
mental variables (17), they originally 
offer as intervening variables. 

This confusion, I contend, comes 
about mainly because they are not clear 
on what the “empirical relationships” 
they are discussing are between, or, in 
general, what sort of thing can have 
relations. Thus, by manipulating the 
four variables that enter into Hull’s 


some 
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equation for habit strength (9)—num- 
ber of reinforcements, delay in rein- 
forcement, amount of reward, and 
stimulus-response asynchronism (JN, ¢, 
w, and t’)—they show clearly that in- 
tervening variables in the “calculational 
device” sense depend on quite arbitrary 
groupings of the empirical variables 
concerned, and contend that from these 
four they “could define 15 alternative 
and equivalent sets of intervening vari- 
ables” (11, p. 98). But concerning one 
of these, a new intervening variable in- 
volving only N, and which they sug- 
gest might be called “cumulative rein- 
forcement,” they say: “Suppose now 
that a critic asks us whether our ‘cumu- 
lative reinforcement’ really exists. This 
amounts to asking whether we have 
formulated a ‘correct statement’ con- 
cerning the relation of this intervening 
variable to the anchoring (empirical) 
variables.” Now, to ask whether ?ts re- 


lation to the empirical variables is cor- 
rectly stated is already to treat it as 


“existing,” although this question of ex- 
istence, which is brought in at many 
points throughout the essay, is not rele- 
vant since, as Bergmann (3) points out, 
ratios between the quantities of differ- 
ent variables exist even though the 
number by which a ratio may be ex- 
pressed may not itself stand for a 
quantity of anything. More impor- 
tantly, to ask about “its” relation to 
anything is to treat it as being the sort 
of thing that can be a term of a rela- 
tion—that is, as being qualitative, as 
being some state or condition or “stuff” 
that there can be quantities of. Such 
a notion must always have “surplus 
meaning”; that is, a term of a relation 
must have some nature, some collection 
of properties, other than its having that 
relation; otherwise it would be unintel- 
ligible to say that it had that relation. 
What would “it” refer to? 

Now, such a conclusion is precisely 
what MacCorquodale and Meehl want 
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to avoid, but it is entailed by their 
speaking of “its relation to the empiri- 
cal variables.” What should really be 
considered is whether a “correct state- 
ment” of the relationship of the number 
of reinforcements to response strength 
has been formulated. Concerning sHp 
in general, the point is that its “ex- 
istence” is a question of whether or 
not the functional relationship between 
environmental variables and _ response 
strength has been correctly stated, 
which is precisely why Hull retained 
the S and the R in his notation: that is, 
in order to stress the point that it 
is a mathematical relationship between 
something done to the organism and 
something done by the organism, and is 
not in itself in any precise sense a de- 
scription of the organism. 

It is interesting, however, to note that 
Hull himself makes precisely the same 
error in giving his developed account 
(10) of what he means by the apoca- 
lyptic phrase “anchoring variables at 
both ends.” He says: “. .. my own 
system ... requires that the habit 
strength (3//;), afferent impulse (s), 
and drive intensity (D) must each be 
calculable from their antecedent condi- 
tions, that the nature and magnitude of 
the reaction potential (gE) must be 
calculable from the values of g//g, 5, 
and D taken jointly, and that the na- 
ture and magnitude of the several reac- 
tion functions . . . must each be cal- 
culable from ;F£;’’ (10, p. 281). But 
the point is that the formulae for cal- 
culating “habit strength,” “drive,” etc. 
from “their” antecedent conditions were 
derived in the first place from the series 
of experiments in which variations in 
each of the environmental variables 
listed (the others being held constant) 
were correlated with variations in the 
different measures of response strength, 
not in any sense with variations in “in- 
tervening variables.”’ Thus this process 
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of calculation and verification that 
Hull is describing is just a matter of 
verifying those empirical correlations 
with response strength for different 
values of the antecedent conditions— 
ie., of checking the curve fitting at dif- 
ferent points of the curve. 

We have to be clear, then, that the 
empirically found mathematical rela- 
tions are not between (for example) 
sHp and its antecedents on the one 
hand, and between sHp and its conse- 
quents on the other, but just between 
the antecedent and consequent events 
—in fact, that that relationship is just 
what gM,» is. The other notion of what 
it is—-i.e., some qualitative condition of 
the organism, a given amount ‘of it be- 
ing produced by specified environmental 
events, and in its turn producing a 
given strength or frequency of response 
—is what MacCorquodale and Meehl 
refer to as a hypothetical construct; 
but, as I suggested, their description of 
the meaning of intervening variables 
seems in some places to imply that sort 
of notion. 

Now that might seem hardly more 
than a slip of the pen on their part, es- 
pecially since they go on to say (11, p. 
99) that “when habit strength means 
the product of the four functions of 
w, t, t’, and N, then if the response 
strength is related to these empirical 
variables in the way described, habit 
strength ‘exists’ in the trivial sense that 
the law holds’—although one cannot 
see why this should be thought trivial if 
nothing else was ever expected of sHp. 
But if that really is what MacCorquo- 
dale and Meehl mean by “intervening 
variable” then why do they not press 
home their sketched-in criticism of any 
rigid hierarchy of intervening variables? 
They suggest that Tolman’s argument 
(17) that it is easier to determine the 
complicated f, function by parts than 
“as a whole” is “not very cogent.” 
They do not elaborate this point, but 
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I take it that what they are suggesting 
is that one can only do it step by step, 
so that setting up a doctrine which ad- 
vocates the use of such intermediate 
steps cannot be any contribution (if 
that is really all it offers). One might 
say that if we want to discover the 
product of 3, 4, and 5, then it is not 
really possible to multiply them all to- 
gether at once; we have to find the 
product of, say, 3 and 4 and then multi- 
ply that product by 5. But that pro- 
cedure has no advantage whatever over 
first taking 3 and 5 together, or 4 and 
5, so long as we really are concerned 
only with convenience of computation. 
In their manipulation of w, ¢t, ¢’, and 
N, MacCorquodale and Meehl provide 
all the materials necessary for showing 
that the same applies to the grouping of 
all the environmental variables studied 
by Hull, including as well as those four 
the maintenance and stimulus variables 
effective at the time of any given trial. 
If convenience of manipulation is the 
only concern, it must be very difficult 
to show why that particular four out of 
all these factors should be taken to- 
gether, and why their product should be 
given a special name. 

Hull, too, feels sensitive on this point, 
since he puts a similar objection into 
the mouth of “his friend Woodrow” 
(10, p. 284). His repir-s to it are 
quite unconvincing: he says in the first 
place that even if we did put all the 
subordinate equations together to form 
one, it would be found still to contain 
“in some form or other the mathemati- 
cal equivalents of the various equations 
linking the observable and the hypo- 
thetical unobservable elements of the 
situation.” But to say that the group- 
ings are merely for convenience is to 
deny that one is thinking of any “hypo- 
thetical unobservable elements,” and as 
for the rest, to say that the mathemati- 
cal representatives of the observable 
elements (and the relations between 
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them) would still be found in the mas- 
ter equation is to admit the point that 
“Woodrow” is making. 

Hull’s second point in reply to the 
criticism gives up the attempt to justify 
intervening variables on a formal basis 
and introduces the material considera- 
tion that the action of the four training 
variables might be temporally remote 
from that of the critical stimulus and 
the state of need. And “while it is per- 
fectly possible to put into a single equa- 
tion the values of events which occur at 
very different times,” still those past 
events cannot be causally active now, 
and “#7; is merely a quantitative rep- 
resentation of the perseverative after- 
effects” of those four training variables 
(10, p. 285). Hull, then, groups the 
variables in this regular way not merely 
as a matter of convenience in calcula- 
tion (if indeed one way could be more 
convenient than another), but also be- 
cause he regards the variables in any 
group as acting together to build up 
some specific condition in the animal, 
and the intervening variable based on 
that group would then be thought of, 
if not actually as a “measure” of that 
condition, at least as varying quantita- 
tively in direct relation with it. 

One might contend, then, that some 
such speculation about the accompany- 
ing qualitative states could be the only 
reason for clinging to a set order of 
groups and giving names to their prod- 
ucts when these products have still to 
be combined to discover the probability 
of a given response. But as “calcula- 
tional devices,’ the only solid content 
for the notion of “intervening variables” 
is just the collection of correlation co- 
efficients between response strength and 
each of the empirical variables found 
relevant to it. Without some such 
mathematical form we could not give 
even this slight meaning to the term 
“intervening,” since we would be left 
only with the assertion that a given 
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factor has some causal connection with 
a given response, and causality does not 
in any sense intervene between ante- 
cedents and consequents—it is just the 
antecedent event that produces the con- 
sequent, not “causality.” 

The finding of such relationships, by 
the way, indicates the only sound mean- 
ing for the phrases “empirical variables” 
and “empirical relationships’—that is, 
what is really meant is more like “em- 
pirically-found relationships,” and even 
here, for the empiricist, the phrase is 
redundant, since there is no other way 
of arriving at knowledge than by find- 
ing it empirically. By using the word 
in this way, MacCorquodale and Meehl 
convey a vague suggestion that empiri- 
cal relationships are to be compared, 
unfavorably, with more certain, more 
fundamental, more intelligible “Jaws,” 
and it is strange that this hint of the 
rational is to be found amongst the 
positivists at large (e.g., 7). 

One point that helps to preserve this 
distinction in thought is that it is very 
difficult to discover perfect regularity in 
the sense of coextension when we are 
looking for causal connections.  Fre- 
quently one can find only conditions 
that are sufficient but not necessary, or 
necessary but not sufficient. This has 
also led to the current suspicion that 
there must be something wrong with 
causality, has led to the not-talking 
about it, and to the being content with 
(and compensatory exaltation of) cor- 
relation coefficients and statements of 
probability in general. Without deny- 
ing the usefulness of such mathematical 
procedures as a first approach to a con- 
fused field, one can still say that the 
rejection of indeterminism will involve 
denying the adequacy of probabilities 
in science, and will involve affirming 
the presence of a criterion for every 
case in which a necessary condition is 
not also sufficient, and vice versa. That 
is to say, it is always theoretically pos- 
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sible to extend our knowledge of the ef- 
fective conditions until we arrive at a 
set that is necessary and sufficient for 
any given event. In seeking causes, 
such criteria can only be found by con- 
sidering both the nature of the thing in 
which the change is produced and the 
nature of the thing acting on it (1). A 
recognition of this principle seems char- 
acteristic of the work of those scientists 
who increase the number of general 
propositions known in their subjects. 
To take only two examples in psychol- 
ogy, there is the recent work of Tin- 
bergen (16) with his emphasis on the 
need for both a specific type of stimu- 
lus situation and a specific bodily con- 
dition for the production of an instinc- 
tive response; and there are the explicit 
formulations of Freud (8), which might 
have prevented a good deal of the 
dreary heredity-environment controversy 
if they had been better known. Wat- 
sonian behaviorism, then, was based on 
a false premise—‘. . . given the re- 
sponse the stimuli can be predicted; 
given the stimuli the response can be 
predicted” (18, p. 167)—since the same 
stimulus situation will produce different 
responses in the same animal according 
to changing conditions in the animal, a 
point recognized in part by Hull in his 
emphasis on D. 

If psychology is ever to make predic- 
tions, then, rather than mere statements 
of probability, it is, in MacCorquodale 
and Meehl’s terms, committed to “hy- 
pothetical constructs” or, more pre- 
cisely, to making hypotheses (and try- 
ing to verify those hypotheses) about 
what processes in the animal mediate a 
given change in its behavior. As Berg- 
mann points out (4), these hypotheses 
will be assertions that processes of a 
kind which we have known in other 
places are going on (so far unobserved) 
in this place—the point being that we 
can arrive at the notion of any term or 
kind only by confronting such a kind, 
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only from experience. Where else could 
we get the material for our fantasies? 
Wherever we seem to “construct” the 
notion of a kind, it is always by con- 
joining properties that we have encoun- 
tered (separately) in actual things— 
and if that is so, then it is sufficient 
to dispose of the doctrine that there 
can be “convenient fictions” in science, 
when these are said to be neither true 
nor false. MacCorquodale and Meehl 
themselves reject this latter doctrine, 
but their retention of the phrase “hypo- 
thetical constructs” renders them liable 
to be misunderstood as supporting it 
(cf. Bergmann, 3), as does their ques- 
tion whether constructs are “existential” 
—as though it were a real possibility 
that we could talk about some thing 
which was not existential. 

Now, “intervening variables” in the 
sense described above—as correlations 
between events impinging on the organ- 
ism and responses produced by the or- 
ganism—cannot be states or properties 
or qualities of the organism itself, even 
though they presuppose the existence of 
such qualities. The environmental vari- 
ables may have been grouped in a spe- 
cific way (as Hull’s are) because of 
some tentative speculation about a spe- 
cific change produced in the animal by 
each group, but even so, and even if 
these speculations are put forward, the 
mathematical relations remain distinct 
from the hypothesized processes which 
are held to account for them. This is 
a point overlooked by MacCorquodale 
and Meehl when they say (11, p. 101) 
that “there are various places in Hull’s 
Principles where the verbal accompani- 
ment of a concept, which in its mathe- 
matical form is an intervening variable 
in the strict (Tolman) sense, makes it 
a hypothetical construct.” That makes 
it seem that they always have half 
thought of intervening variables as be- 
ing in some very vague sense “in” or 
“of” the organism (and have accepted 
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them thus as legitimate), the only point 
being that they are not to be ascribed 
properties, not to be characterized in 
any way (cf. O'Neil, 12), else they be- 
come hypothetical constructs. This sug- 
gestion is borne out in their discussion 
of Skinner’s treatment of emotion as 
“a ‘state of the organism’ which alters 
the proportionality between reserve and 
strength.” They say (p. 102): “The 
‘state’ of emotion is not to be described 
in any way except by specifying (a) 
The class of stimuli which are able to 
produce it and (b) The effects upon re- 
sponse strength. Hence emotion for 
Skinner is a true intervening variable, 
in Tolman’s original sense.” Now, 
previously they had described “state” 
as a “wholly noncommittal word” which 
specifies ‘nothing except that the condi- 
tions are internal” (p. 97). But this 
point about internality is precisely the 
one at issue in discussing the fallacy of 
hypostatization. We may agree that 


there always will be some condition of 


the organism in virtue of which, in 
specified circumstances, a given re- 
sponse will be produced, but, in direct 
contradiction to MacCorquodale and 
Meehl, it must be described in ways 
other than its relations to its anteced- 
ents and its consequences (or in general 
its relations to anything); otherwise 
(vide supra) statements about what 
produced it and what it produced (or 
about any of its relationships) will not 
be intelligible. In saying that it is not 
to be described except by specifying 
those relations, and in saying (by call- 
ing it a “true intervening variable’) 
that it is identical with the “empirical 
relations” and yet is a state of the or- 
ganism, MacCorquodale and Meehl are 
setting up the notion of something 
whose whole nature it is to stand in a 
given relationship. Even if it is ob- 
jected that it is the organism that has 
the relationships, and that they are not 
its whole nature (since it has many 
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other properties) but only a part of it, 
still this modified doctrine faces the 
same difficulty—namely, that it is 
strictly “unspeakable” (2) since we can 
only grasp a relationship if we can dis- 
tinguish the terms that have it to each 
other; that is, seeing them as distinct, 
as having distinct natures, is a part of 
seeing them as related. If we say that 
its relationship to a certain stimulus 
situation is part of the organism’s na- 
ture, then the whole relation (including 
its other term, the stimulus) seems to 
be brought within the organism, so that 
we cannot really understand the asser- 
tion that there is this relationship be- 
tween distinct terms (this being the 
insuperable problem for Lewin’s life- 
space). 

This unworkable view that a thing 
can be in whole or in part made up of 
its relationships is the crux of hypos- 
tatization—of all doctrines of unseen 
forces or magical entities. This may 
be seen more clearly if we consider 
the organism’s relations to its own re- 
sponses. For the most part, a response 
really stands logically as a new prop- 
erty of the organism, i.e., as a change 
in its nature, and so of course it is a 
part of the organism. But we are con- 
cerned with the relationship of this new 
property to the state of the organism 
immediately prior to its appearance, 
and if we make that relationship a part 
of the preceding state of the organism, 
then we have the characteristic form of 
the fallacious doctrines we are discuss- 
ing; that is, the organism produces 
that response simply because it is im its 
nature to act in that way—it has a pro- 
pensity to do so. At one stroke we are 
absolved from seeking for those actual 
states of the animal which determined 
that, under some specific stimulation, 
it would produce that response, and 
from discovering precisely what the 
stimulus is, since it would seem merely 
an “inclining” cause at most, being in 
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fact a necessary but not sufficient con- 
dition. 

This is the very fallacy MacCorquo- 
dale and Meehl are criticizing in their 
attack on the use of libido to explain 
features of behavior, but they mis- 
takenly think it appears when libido is 
ascribed properties of its own, and that 
the way to avoid the fallacy is carefully 
to keep its nature devoid of any surplus 
meaning, i.e., surplus to “its’’ functions. 
The same prescription seems to be the 
one central to operationism, and though 
in the long run it goes astray, it is pos- 
sible to see some force in it in one spe- 
cific connection—namely, in the defi- 
nition of dispositional concepts, with 
which in one place MacCorquodale and 
Meehl identify intervening variables as 
they conceive them. We must sympa- 
thize with at least the policy implied in 
Stevens’ cry: “Only then shall we never 
think of energy or consciousness as a 
substance . . .” (15, p. 330). 


Taking “solubility in water” as a dis- 


positional concept, then following Berg- 
mann’s argument (3, p. 98), a proper 
(positivistic) definition of it would be 
to say, e.g., that “x is soluble in water” 
means “if x is put in water, it dis- 
solves.” The verification of the first 
sentence is held to be completely re- 
ducible to that of the second, which 
implies (and Bergmann makes this quite 
explicit) that the words in the first sen- 
tence mean precisely the same as the 
words in the second sentence. (Some 
positivists hold that this complete re- 
ducibility applies to all defined con- 
cepts, though that extreme view seems 
to have been modified by Carnap [5, p. 
464, ff.]. The general proposition that 
all definitions are nominal comes down 
to saying that there is no such thing as 
coextension, which, as I suggested 
above, is tantamount to a rejection of 
determinism.) Now, it seems to me 
that the suggested definition is deficient 
in that it does not take into account ob- 
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jects which in fact would dissolve in 
water but which never are placed in 
water. (Modern symbolic logic would 
hold that the defining sentence could be 
converted to “either x is not put in wa- 
ter or x dissolves,” and that if the first 
of these disjuncts is satisfied by x never 
being put in water, then the whole sen- 
tence is true of x—i.e., the conditions 
for x being soluble are satisfied, and the 
definition is held in this way to be ade- 
quate even for the negative instances. 
But if we admit that meaning of “either 
. or... ,” then, as Carnap points 
out [5, p. 440], the definition would in- 
clude not only lumps of sugar that are 
not put in water, but also such things 
as a wooden match that is not put in 
water—anything, in fact, that does not 
meet that fate would “satisfy the con- 
ditions” for being soluble in water.) 
The difficulty can be met, however, 
by amending the definition to read “x 
is of such a nature that if it is put 
in water, it dissolves,’ even though we 
do not know what that “nature,” that 
common quality or character of soluble 
things, may be. Now, in principle, the 
verification of the presence of this char- 
acter is not completely reducible to the 
observation that when x is put in water 
it dissolves, since any quality is theo- 
retically observable, and its presence 
then could be established (if we knew 
what it was) by direct observation, 
without the necessity for observing its 
effects. But one might say roughly that 
the verification of solubility is thus re- 
ducible because (and this in my view is 
the point the positivists are really get- 
ting at here) it is not the character in 
question. To call a thing “soluble” is 
just to say that it has some unspecified 
character in virtue of which specified 
events produce a specified change in it, 
and that it retains that character even 
when those events do not materialize. 
In itself it merely poses the question, 
what this character is, but it is very fre- 
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quently used as if it were the answer to 
that question—as if it were that char- 
acter itself—and that, in fact, is the 
typical way in which hypostatization 
occurs. 

Ironically, however, by its very in- 
sistence that dispositional concepts are 
not “substances” and do not have “sur- 
plus meaning,” positivism sometimes 
leads to precisely the sort of mysticism 
it is trying to make impossible. That 
is, it is taken up wrongly (even by 
many positivists) as suggesting that 
there is no characteristic there in virtue 
of which the events in question take 
place, that the mysticism lies in going 
on to look for it, that the scientific pro- 
cedure is to be content with “solubility,” 
and that we cannot fall into confusion 
as long as we rigidly exclude from our 
thinking any suggestion of quality or 
“substance” in the matter at all (fail- 
ing to see that it is only from the no- 
tion of “solubility” itself that it must 
be excluded). But such a course of 
thought (which seems to be MacCor- 
quodale and Meehl’s) makes the fallacy 
inevitable; if there is no relevant quality 
there, nothing which produces the dis- 
solving but is describable in terms which 
make no reference to producing that ef- 
fect, then that relationship (to dissolv- 
ing) must be thought of as just “being 
in the nature of the thing.” Not only 
is such a notion not itself a solution, but 
while it is retained it specifically makes 
a solution impossible. 

The reply might be made in defense 
of MacCorquodale and Meehl that they 
plainly do recognize the possibility of 
finding the qualitative processes mediat- 
ing any response since they recognize 
“hypothetical constructs” as_ scientifi- 
cally legitimate. But in my opinion 
the error remains; for them it is mot 
that the hypothetical construct is found 
alongside of, and mediating, the inter- 
vening variable—not that the qualities 
which determine that given events pro- 
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duce given consequences still remain 
distinct from that relation between ante- 
cedents and consequences. Rather it is 
that “the existence propositions . 
automatically make the construct ‘hypo- 
thetical’ rather than ‘abstractive’” (11. 
p. 99)—i.e., the intervening variable 
becomes a hypothetical construct in the 
ascription fo it of qualitative content. 
This is a further indication of what is 
made plain in their discussion of Skin- 
ner’s “emotion”: that the true interven- 
ing variable is thought of as a “state” 
interna? to the organism, in some sense 
part of its constitution yet stripped of 
all qualitative content—and in that case 
it can only be the relativistic, mystical 
sort of notion that they are confusedly 
setting out to attack. 

Although I said that there is one real 
set of facts indicated by some of Mac- 
Corquodale and Meehl’s uses of the 
term “intervening variable’—namely, 
the mathematical relations between 
types of event impinging on the organ- 
ism and types of response produced by 
it—it does not seem to me that the 
term “intervening variable” is neces- 
sary or suitable for referring to it, partly 
because of other explicit meanings that 
have accrued to it, and partly because 
the words themselves inevitably sug- 
gest some state-like thing that inter- 
venes between stimulus and response. 
A relation is not “between” its terms 
even in the most neutral way; one 
should say, rather, that they have, or 
stand in, that relation. 

The mere giving of a name or symbol 
to those relations strengthens the ever- 
present temptation to slip into the ‘“‘im- 
aginary force” way of thinking, espe- 
cially when the correlations are less 
than unity. In this case we cannot say 
that the stimulus in question produces 
the specific response (because there are 
some cases in which it does not), but if 
we remain convinced that there is some 
connection, then we are likely to say 
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that the stimulus results in a tendency 
to produce that response. But this 
tendency regularly finds its way inside 
the organism (because of a confused 
recognition that the state of the organ- 
ism has something to do with it), and 
appears as a “demand” or “propensity” 
(or any of the multifarious species of 
“tendency”) to make that response. 
(As ‘“‘valence” it has found its way into 
the stimulus-object—i.e., the stimulus 
has “a tendency” to produce the re- 
sponse. ) 

Now, the use of “intervening vari- 
ables” is sometimes defended by insist- 
ing that they are “imaginary” forces 
and are never intended as anything else. 
Their sole function is to help us grasp 
the observed facts and to organize our 
thoughts about them. But it is possible 
for our thoughts to be “organized” in a 
way that is mistaken or even meaning- 


less. It may for the most part be true 


that the actual verbal forms are nothing 
but ways of expressing the observed 


connections, but the mere fact of offer- 
ing “intervening variable’ statements 
makes it vaguely seem that our knowl- 
edge is being extended, and that we are 
“getting to understand the facts better” 
in the sense of seeing how they are pro- 
duced. The attribution of events to 
occult forces is rarely explicit because 
then it is so blatantly unscientific; it 
creeps in unacknowledged and gains its 
influence by default, as it were—by our 
failing to look for the actual causes. 
To discover causal relations (which 
are always coextensive relations) we 
must take into account not only the na- 
ture of the forces acting on the thing in 
which the changes are produced, but 
also the properties, especially the fluc- 
tuating ones, of that thing itself (which 
in psychology will, for the most part, 
be, of course, the organism). When we 
discover which of its actual properties 
are involved in any given reaction, then 
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the need to fall back on imaginary 
forces whose sole function is to produce 
those effects (i.e., on “intervening vari- 
ables”) will have disappeared. 
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RESPONSE FACTORS IN HUMAN LEARNING?’ 
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Theoretical treatments of human 
learning phenomena have been largely 
confined to an analysis of stimulus 
variables. In recent years, however, 
more attention is being paid to response 
factors, especially in the investigations 
of Underwood (28), Morgan and Un- 
derwood (20), and Osgood (22). This 
paper will present a theoretical frame- 
work, applicable to human learning and 
thinking problems, which will stress re- 
sponse factors. Attention will also be 
paid to the point, made by McGeoch 
(18) and others, that most “new” 
learning in human adults is at least 
partly a transfer phenomenon. The 
paper will be particularly concerned 
with the differentiation of stimulus con- 
ditions depending on the evocation of 


responses made by the organism, the 
relationship between overt and sym- 
bolic responses, and the transfer and 


overlearning of these responses. Thus, 
stimulus factors will be viewed as de- 
pendent upon the particular response 
repertory and previous experiences of 
the individual. This is in line with 
the position of Sperry (27) who has 
recently argued, from a_ neurological 
point of view, for a response approach 
to problems of perception and_ think- 
ing. 

The definitions and assumptions 
which represent the theoretical struc- 
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ture will be specified and some appli- 
cations will be given, with particular 
reference to the effect of overlearning 
on transfer. The reader will note that 
some of the assumptions are deductive 
corollaries of others, or are related to 
other theoretical systems. For the pres- 
ent purposes they will be stated as 
assumptions. 


DEFINITIONS 


Stimulus. The term stimulus will be 
used as defined by Hull (15), essentially 
in terms of receptor input. Hull de- 
fined as “actual stimuli” those events 
which activate a receptor. 

Overt response. This term will refer 

to any observable activity of the organ- 
ism. 
Symbolic response. A human organ- 
ism will be considered to have made 
a symbolic response analogous to the 
overt response if he reports the per- 
ception of the overt response without 
performing the overt response. 

Reinforcement. The term reinforce- 
ment will refer to an event in the en- 
vironment which indicates to an indi- 
vidual the correct performance of a re- 
sponse. (No position is taken in this 
paper as to the specific mechanism of 
reinforcement. Presumably the above 
formulation is consistent with all cur- 
rent theories of reinforcement.) 


ASSUMPTIONS 


The Differentiating Response 

1. A stimulus is differentiated from 
other stimuli when it evokes a response 
different from the response evoked by 
other stimuli. This differentiating re- 
sponse will be designated as Rs. The 
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Rs can belong to any class of responses, 
i.e., it can be verbal, motor, or symbolic, 
depending on the original learning ex- 
periences of the individual. 

2. When identical Rs responses have 
been frequently reinforced for two or 
more different stimuli, these stimuli, 
other things being equal, will be per- 
ceived as identical. Conversely, when 
different Rg responses have been re- 
inforced to two or more different stim- 
uli, these stimuli will be perceived as 
different. Identity or difference of 
stimuli, qua stimuli, depends solely on 
receptor stimulation, but identity or dif- 
ference in the perception of these stim- 
uli depends upon the differentiating re- 
sponses. Thus identical stimuli cannot 
be perceived as different, but different 
stimuli can be perceived as identical. 
Another important implication is that 
two stimuli which differ in receptor stim- 
ulation, but do not evoke any differenti- 
ating responses, cannot be perceived as 
different. 

3. Several different differential re- 
sponses can be associated with any one 
stimulus and, other things being equal, 
they will differ only in terms of the 
probability of their evocation, which is 
a function of their reinforcement his- 
tory, as in Hull’s “habit family hier- 
archy” (14). 

It will be noted that the present 
concept of differentiating responses is 
closely related to Dollard and Miller’s 
(7) concept of cue-producing responses. 
Their description of attaching the same 
(or distinctive) cue-producing responses 
to distinctive (or similar) stimulus ob- 
jects does not differ from the present 
treatment. The present statement does 
imply, however, that stimuli cannot be 
differentiated unless different responses 
are evoked. 

The adult human organism responds 
to complex stimulus situations with a 
variety of previously learned responses 
which in turn become the stimuli in 
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the learning of new responses, i.e., they 
“mediate” the new associations. Thus. 
in a concept-formation experiment, the 
learning of a nonsense syllable response 
to all “green” stimuli is an example of 
mediated learning. On the other hand, 
a child’s learning to differentiate the 
colors “red” and “green” (different 
stimuli) by differentially attaching the 
two verbal responses would be consid- 
ered original learning. 


Response Integration 


1. Many responses performed by hu- 
man organisms consist of aggregates of 
several subresponses which may be in- 
nate or acquired. 

2. With successive repetitions of a 
response aggregate, the separate re- 
sponses eventually become stimuli for 
each other such that any part of the 
response aggregate will tend to evoke 
the whole response aggregate. This 
process will be referred to as integra- 
tion of the response.* 

3. Integration is an increasing func- 
tion of reinforced repetitions of the re- 
sponse aggregate. 

4. The growth of integration is de- 
pendent upon the elimination of re- 
sponses which prevent or delay rein- 
forcement (as in “anticipatory errors”’). 

5. The integration or association of 
two responses proceeds more rapidly 
than the association of a response with 
a stimulus. Thus, it is easier to learn 
a new response to a stimulus which al- 
ready evokes a differentiating response 
than to a new unfamiliar stimulus. 

6. The integration of a response ag- 
gregate proceeds more rapidly when the 
response units belong to the same ef- 
fector modality. Differences in effector 


% Integration as used here does not refer to 
the simple chaining of responses, but rather to 
the simultaneous elicitation of an aggregate of 
responses. Responses that occur as overt 
chains very often are integrated, in the pres 
ent sense, at the symbolic, perceptual level 
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modality refer to differences in effector 
organs utilized in making the response. 
Thus it would be easier to integrate two 
verbal responses than a verbal and a 
motor response. 

This conception of integration is 
closely related to Hollingworth’s (11) 
concept of redintegration. Guthrie (9) 
has modified Hollingworth’s concept in 
terms of parts of a response tending to 
condition each other. 


Symbolic Responses 


1. Any overt response which is per- 
ceived by a human organism evokes a 
symbolic response analogous to the 
overt response. 

2. The symbolic response tends to be 
activated whenever the overt response 
is performed. Evocation of the sym- 
bolic response, however, tends to elicit 
the overt Rs only if motivation to per- 
form the response is present. 

3. Whenever a stimulus evokes two 
separate integrated responses, the two 
symbolic analogues may also be acti- 
vated and associated so that, on future 
presentations of a stimulus which evokes 
only one of the responses, both symbolic 
responses will be activated. 

4. Symbolic responses can be asso- 
ciated with other symbolic or nonsym- 
bolic responses. In particular, they can 
be associated with verbal responses. 

5. Previously learned verbal re- 
sponses can have inhibiting effects 
which prevent occurrence of an overt 
response. When a particular overt re- 
sponse no longer leads to reinforcement, 
verbal statements as to its incorrectness 
can be attached by this experience to 
the symbolic analogue. On future oc- 
casions when the symbolic response 
occurs anticipatory to performing the 
overt response, the inhibiting verbal 
response can effectively forestall the 
error. 

6. In a learning task, the symbolic 
analogue of a response aggregate will 
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differ from one trial to the next as long 
as irrelevant overt responses are still 
present and errors are still made. Thus, 
irrelevant responses which do not pre- 
vent, but are also not correlated with, 
reinforcement will from time to time 
be represented in the symbolic analogue. 
Necessary overt responses will continue 
to be represented and reinforced, while 
the irrelevant responses will drop out. 
In particular, the symbolic analogue is 
expected to be most distinctive and con- 
stant after many contiguous repetitions 
of the same response aggregate, i.e., 
after errors have been eliminated and 
overt performance has reached an 
asymptote. 

The actual modality of the symbolic 
response is not relevant to the applica- 
bility of this concept. It appears ad- 
visable to leave stipulation of modality 
unspecified, which makes it possible to 
extend the .sncept of symbolic re- 
sponses to both verbal and nonverbal 
behavior. 


APPLICATIONS 


In this section an attempt will be 
made to integrate, in terms of the pres- 
ent theoretical framework, some of the 
empirical results that have been ob- 
tained in studies of human learning. 
The studies quoted are intended to be 
representative of the empirical data in 
a particular area rather than exhaustive 
listings of these data.* 


Learning of Differentiating Responses 


It is to be expected that complex stim- 
uli will evoke several differentiating re- 
sponses previously learned to different 


parts of the stimulus pattern. At the 
same time, however, differentiating re- 
sponses can be learned to the total stim- 


4In the present discussion, no statements 
have been made about the effects of differ- 
ential motivation and related concepts. Such 
phenomena are presumably operative in ad- 
dition to the effects discussed here. 
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ulus. Rossman and Goss (24) found 
that, while subjects used recently ac- 
quired verbal differentiating responses 
to distinguish stimuli in new  paired- 
associates tasks, they looked for ‘“‘iden- 
tifying parts” of stimulus terms more 
frequently and found these more help- 
ful. We would expect such a preference 
since highly overlearned responses to the 
identifying parts presumably have a 
higher degree of probability of evoca- 
tion than recently learned nonsense sy]- 
lables. 

On the other hand, adult human be- 
havior also provides many examples of 
the association of identical differentiat- 
ing responses to different stimuli. Thus, 
the same word written in several dif- 
ferent handwritings or in print will 
evoke the identical response and will 
be perceived as identical unless differ- 
entiating responses referring to the stim- 
ulus differences are actually evoked. 

Differentiating responses will be asso- 
ciated not only with the experimentally 
controlled stimulus but also with other 
aspects of the total situation. The in- 
tegrated response is reinforced in the 
context of the experimental situation, 
particularly in regard to the experi- 
menter, the apparatus, and so forth. A 
recent study by Bilodeau and Schlos- 
berg (3) showed more retroactive inhi- 
bition when the experimental room was 
the same for both tasks than when the 
interfering task was learned in a dif- 
ferent room. 

Prior training with attendant integra- 
tion of a differentiating response is ex- 
pected to shorten the learning process 
on future occasions when that response 
is used. Hovland and Kurtz (12) found 
that prior familiarization with nonsense 
syllables facilitated learning of lists us- 
ing those nonsense syllables. 


Concept Formation 

Under this heading will be discussed 
only those aspects of so-called concept 
formation in which a subject is required 
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to learn a common response to a class 
of stimuli. The experimental situation 
has most frequently been exemplified by 
Heidbreder’s experiments (10). 

It is assumed that in the presentation 
of a number of stimuli, many differen- 
tiating responses will be evoked by each 
stimulus. The stimuli will have been 
predifferentiated to varying degrees, and 
different aspects of each stimulus will 
evoke different responses. In most cases 
these responses are verbal responses 
which also elicit their symbolic ana- 
logues. At the same time, the subject 
learns to make the new pa'‘red-associates 
response (nonsense syllables in Heid- 
breder’s experiments). These new re- 
sponses, which have never before been 
evoked in the presence of these particu- 
lar stimuli, are now associated with the 
already learned symbolic responses. In 
the process of successive presentations, 
the symbolic response which corresponds 
to the “concept” will be associated more 
frequently than any other with the new 
response. Thus, if one of the prior dif- 
ferentiating responses is “face,” then the 
new response (the nonsense word) will 
be associated with the symbolic ana- 
logue “face.” In successive presenta- 
tions of instances of this concept, this 
association will be reinforced so that, 
eventually, the evocation of the sym- 
bolic response ‘‘face”’ will also evoke the 
new name of the concept—the correct 
nonsense response. Figure 1 shows a 
schematic representation of this process; 
Rs, is the symbolic response common 
to the stimuli, and will be more fre- 
quently associated with the concept re- 
sponse than other differentiating re- 
sponses. This is similar to Hull’s (13) 
theoretical description of concept for- 
mation. The difference is that, in the 
present formulation, the concept re- 
sponse is (at least at first) associated 
with the respective differentiating re- 
sponses rather than directly with the 
stimulus components. 

A recent study by Baum (2) indicates 
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that ease of concept attainment is a 
function of the discriminability of the 
stimuli. Her findings imply that degree 
of previous learning of the differentiat- 
ing response determines ease of con- 
cept learning. In the extreme case, it 
would be expected that a stimulus which 
evokes no previously learned differen- 
tiating responses—the completely “un- 
familiar” stimulus—could not be one 
of a class of “similar” stimuli. On the 
other hand, stimuli which have been 
maximally differentiated, ie., with a 
high probability of evocation of a dif- 
ferentiating response, provide highly 
integrated responses, potent symbolic 
responses, and easy association with the 
new response. 


Response Generalization 


The general statement of this phe- 
nomenon usually implies that the learn- 
ing of a response to a particular stimu- 
lus will facilitate the learning of similar 
responses to the same stimulus. This 
similarity can be specified in two di- 
mensions. It can be either a similarity 
of overt parts of the two responses or 
a similarity of symbolic responses, as in 
the use of synonyms in Morgan and 
Underwood's experiment (20). An at- 
tempt will be made to show that re- 
sponse integration and symbolic re- 
sponses are sufficient to explain the 
phenomena usually described as_ re- 
sponse generalization. 
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Similarity in terms of elements in- 
volves a communality of some of the 
parts of an integrated response. Sub- 
stituting a new unit for one of the orig- 
inal units of the integrated response 
does not affect the integration of the 
units which are common to both aggre- 
gates. If it is assumed that the re- 
placed unit can be dropped out fairly 
efficiently, this situation should produce 
faster learning than one in which all 
the units have to be integrated. 

Similarity of symbolic responses, i.e., 
in the meaning realm, is comparable to 
the concept formation situation. The 
two synonymous responses both evoke 
a common symbolic response. As a con- 
crete example, two of the synonyms used 
by Morgan and Underwood (20) were 
“dirty” and “unclean.” To the extent 
that these two responses are associated 
with a common symbolic concept such 
as “filth,” paired associate learning of 
the second response will be mediated by 
the common concept. Figure 2 dia- 
grams this process. The common sym- 
bolic response, however, need not be as 
specific as the one used in the example, 
and it may be nonverbal. Morgan and 
Underwood also found that different de- 
grees of synonymity are reflected in the 
degree of response generalization. The 
position taken here is that synonymity 
is a function of common symbolic rep- 
resentation of the two differentiating re- 
sponses, which in turn would affect re- 
sponse generalization as found. A simi- 
lar point of view, describing meaning as 
a function of commonly associated re- 
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sponses, has been advanced by Noble 


(21). 


Implicit Trial and Error 


Dashiell (6), and others, have pointed 
out the importance of implicit trial and 
error in facilitating problem-solving be- 
havior in human subjects. The facili- 
tating mechanism is provided by the at- 
tachment of an implicit “yes” or “no” 
to the symbolic analogues of the various 
courses of action. A symbolic response 
sequence that leads to the anticipation 
of an unwanted consequence could pro- 
duce one-trial inhibition in human sub- 
jects. The subject continues with such 
trial and errors—at the symbolic ana- 
logue level—until he hits upon the de- 
sired outcome; this sequence can then 
be translated into overt behavior.° 


Transfer of Training * 

Given an original learning situation, 
subsequent transfer situations can con- 
tain either new or the old stimuli, and 
either new or the old responses. ‘New’ 
and “old” indicate whether or not the 
particular stimulus or response has been 
previously paired with any response or 
stimulus used in the experimental situa- 
tion. Thus, a new stimulus is that stim- 
ulus which has not been previously used 
to elicit any of the responses used in 
the experiment, and a mew response is 
a response or response aggregate which 
has not been previously reinforced in 
the experiment; old stimuli and _ re- 
sponses are those which have been pre- 
sented, or elicited and reinforced, in the 
original learning task. 

5 The inhibiting “no” response would also 
produce other, primarily motivational, effects. 
Mechanisms such as fear and anxiety are 
probably additional factors in this inhibition 
phenomenon. It appears, however, that for 
the present purposes the more simplified con- 
ceptualization is adequate. 

6 This topic will be treated more extensively 
than preceding applications, partly because 
relevant implications of the present theoretical 
approach have been explored experimentally 
(19) in a study to be published separately. 


Training 


Transfer 


GEORGE MANDLER 


In line with the terminology used by 
Bruce (4), the four possible conditions 
of transfer are: 


I. Making a new response to an old 
stimulus. 

II. Making an old response to a new 
stimulus. 

III. Making an old response to an old 
stimulus when these have not been pre- 
viously paired. 

IV. Making a new response to a new 
stimulus. This is considered chiefly as 
a condition in which the effect of pre- 
vious training on new learning can be 
controlled; the kinds of “transfer” ob- 
served in this condition are not rele- 
vant tothe present theoretical frame- 
work. 

In order to schematize all four condi- 
tions, two S-R pairs are necessary in 
the training situation. This is forced 
by the third condition, where making 
an old response to an old stimulus re- 
quires more than one original pair. 
Thus, to make the other conditions 
comparable, two training pairs will be 
considered in each of the conditions. 
The schema is shown below, in which 
the original learning is S,-R, and S.-Ry». 
New stimuli and responses are indicated 
by Ss, Sy and R;, Ry respectively. 


Conditions 

Il II] IV 
S\-R, S)-R 
So-Rs So-Re 


8, Sit, Se, 
S,y-R, So-R, Sa 1 


For the present purpose, only famil- 
iar stimuli will be considered, i.e., stim- 
uli with a high probability of evocation 


of a differentiating response. With less 
familiar stimuli, the predictions would 
be similar, but would involve the learn- 
ing either of a response specific to the 
stimulus as its differentiating response 
or, with relatively unfamiliar stimuli, 
the adoption of the experimental re- 
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sponse as the differentiating response. 
In the present analysis, the experimen- 
tai response is added to, and integrated 
with, the previously established differ- 
entiating responses to the stimulus. 

In the original training task (i.e., in 
the acquisition of S,-R; and S.-R.), 
response integration and generation of 
symbolic analogues proceed as a func- 
tion of degree of training. Similarly, 
the probability of evocation of the re- 
sponse is increased. In the transfer sit- 
uation, degree of training will produce 
differential facilitation or interference 
effects. Predictions for the three trans- 
fer conditions, schematized above, fol- 
low: 


1. Learning to make a new response 
to an old stimulus. The relevant proc- 
esses during original training are the 
integration of the response, the attend- 
ant formation of the symbolic analogue, 
and the increasing probability of evoca- 
tion of the correct At high 
degrees of learning, the symbolic ana- 
logue will be distinctive enough so that 
on the first trial of the transfer task, 
i.e., the first time the subject makes the 
now incorrect old response, an “inhibi- 
tory” response will be attached to the 
symbolic response and will tend to de- 
crease the probability of evocation of 
the now interfering response. Thus, at 
hich degrees of overlearning on the orig- 
inal task, we would exnect less negative 
transfer than at previous staves of train- 
Attaching the inhibiting response 
to both the overt response and its sym- 
bolic analogue on the first and succeed- 
ing transfer trials will tend to evoke the 
symbolic response and the inhibiting re- 
sponse before the overt response on sub- 
sequent presentations of the stimulus, 
and may thus avoid the overt response 
entirely. In this way the highly over- 
learned response has a sufficiently dis- 
tinctive symbolic analogue so that the 
inhibiting response is readily associated, 
and the usual effects of associative in- 


response. 


ing. 
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terference between the old and the new 
response are much less in evidence. The 
present analysis therefore predicts less 
interference with high degrees of learn- 
ing. 

A study by Underwood (29) con- 
firms this prediction. Using adjectives 
(highly integrated responses) as stimuli 
and responses, he found a decrease in 
associative inhibition as the degree of 
prior learning increased, and 
marked facilitation when the original 
task had been learned to a high degree. 
The present model would predict no 
facilitation when familiar stimuli are 
used, and Underwood’s experiment is 
not crucial in this respect since he did 
not control for the effect of high de- 
grees of learning on warm-up. Other- 
wise, the only effect to be expected is 
a decrease in associative interference. 

In this transfer condition the latter 
effect would be expected to be less pro- 
nounced when nonintegrated responses 
are utilized, in which case more trials 
on the original task would be needed 
to show the decrease in negative trans- 
fer. Bruce’s data (4), using nonsense 
syllables (rather than meaningful ad- 
jectives). show the decrease in 
interference at higher degrees of learn- 
ing if his data are corrected for the posi- 
tive transfer that he found in the new- 
stimulus new-response condition. 

In the area of motor learning, Lewis, 
McAllister, and Adams (17) have shown 
that prior learning can produce both fa- 
cilitation and interference. The task 
consisted of learning to manipulate con- 
trols which could be operated to super- 
impose two separate lights on a screen. 
On the transfer task, the controls were 
reversed so that, for example, a pre- 
viously correct movement which had 
moved the light to the right now moved 
the light to the left. In this type of 
task, we would expect the similarity of 
the responses to produce some facilita- 
tion, while the reversal of the controls 
would produce interference. The data 


Was 


do not 
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suggest that, with increasing training on 
the original task, the number of correct 
responses on the reversal transfer task 
increases (response facilitation through 
transfer of a previously integrated re- 
sponse), but that specific errors also 
increase (interference due to previous 
reinforcement of the now incorrect re- 
sponse ). 

2. Learning to make an old response 
to a new stimulus. In this condition, 
the primary factor is assumed to be the 
integration of the response, i.e., the sub- 
ject learns how to perform the response. 
Since the response has been learned not 
only in the presence of its original stim- 
ulus, but associated with all 
other constant aspects of the exp erimen- 
tal situation, the probability of its evo- 
cation is high, and once evoked and re- 
inforced in the transfer situation, the 
rate of learning of the new association 
will be partly a function of the integra- 
tion of the response and its association 
with the context cues. It should be 
pointed out, however, that measurable 
transfer will reach a maximum before 
response integration does. For example, 
if the new association is learned on the 
first or second trial of the transfer task, 
increased integration of the response on 
the original task will show little meas- 
urable transfer effects. The prediction 
in this situation would be increasing 
positive transfer as a function of correct 
repetitions of the response on the orig- 
inal task. 

The earliest relevant study is that of 
Bair (1), whose subjects learned to 
press specific colored typewriter keys to 
color stimuli. When a new list of stim- 
uli was presented, with the responses 
remaining identical to the ones previ- 
iously used, he obtained positive trans- 
fer. Bruce’s data (4), again corrected 
for warm-up effects, show increasing 
positive transfer as degree of original 
learning is increased. Bunch and Win- 
ston (5) obtained clear positive transfer 
effects when a previously learned non- 


also is 
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sense syllable response had to be learned 
to a new stimulus. 

The paucity of data in the literature 
relevant to this problem is compensated 
for by their unequivocal direction. 
However, one important implication 
from the present position has been given 
little experimental verification: if the 
response on the original task is already 
highly integrated (e.g., in the use of 
adjectives), then transfer effects should 
be minimal. In other words, amount of 
positive transfer in this situation is 
partly a function of degree of integra- 
tion of the response at the beginning 
of the original task. The evidence that 
is available, however, is confirmatory 
(25). 

3. Learning to make an old response 
to an old stimulus when these have not 
been previously paired. Three factors 
influence learning in the transfer task: 

a. The integration of the response in 
the original task: facilitating effect. 

b. The probability of evocation of the 


response, now incorrect, learned in the 
original task: interfering effect. 

c. The symbolic “inhibition” of that 
incorrect response: counteracts the in- 
terfering effect of 0. 


At low degrees of learning, up to 
maximal strength of the original asso- 
ciation, we would predict variable posi- 
tive or negative transfer effects, de- 
pending on the relative strength of the 
facilitating and interfering effects a and 
b. When the symbolic analogue has 
become stable (at high degrees of over- 
learning), there would be an increasing 
tendency toward positive transfer as 
the interfering effect of 0) is counter- 
acted by c. 

One additional factor, however, is im- 
portant in this particular condition. 
The differentiating responses evoked by 
the stimulus may be integrated to a 
greater or lesser degree with the re- 
sponse learned in the original task. In 
Conditions 1 and 2, this factor is pre- 
sumably of minor importance. In Con- 
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dition 1, the old response is never re- 
inforced in the transfer situation, and 
the integration would be additive to the 
general interference effect so that like- 
modality responses would lead to greater 
initial interference. In Condition 2, the 
effect might delay the increasing positive 
facilitation since part of the integrated 
response (the previously correct differ- 
entiating response) has to be eliminated. 
In Condition 3, however, these two ef- 
fects would not only be additive, but the 
constant re-evocation of parts of this in- 
tegration would interfere with the elici- 
tation of either part alone. A recent 
study by Porter and Duncan (23) has 
shown greater negative transfer in Con- 
dition 3 than in Condition 1, when the 
stimulus and response elements were 
both verbal, which would favor inte- 
eration of stimulus and response ele- 
ments. In their discussion, the authors 
point to the possibility of the response 
re-evoking the stimulus and thus lead- 
ing to greater interference. 


If the differentiating response is ver- 
bal and the newly learned response (in 
the original task) motor (i.e., if the two 
responses belong to different effector 
modalities), we would predict that the 


integration of these two components 
would be minimal and would show less 
negative transfer than Condition 1. 
Siipola and Israel (26) have presented 
data bearing on this latter expectation. 
Subjects were pretrained to learn a 
series of responses on telegraphic keys. 
They were then presented with the orig- 
inal task in which these codes had to 
be associated with letters of the alpha- 
bet. In the transfer task, the same 
stimuli and responses were used, but 
their combinations were changed. The 
data, measuring transfer as a function 
of training on the original task, show 
slight initial negative transfer followed 
by a large positive transfer effect. 
Kline’s (16) subjects paired authors’ 
names with book titles. He found that, 
with greater degrees of prior knowledge 


of the correct authors’ names, paired- 
associates learning was easier even when 
the correct response was to give wrong 
authors’ names to the book titles. His 
evidence for decreased interference as a 
function of increasing familiarity is con- 
sistent with our prediction. 
CONCLUSION 

Further empirical verification of the 
above predictions should precede the 
application of this theoretical frame- 
work to more complex problems. The 
general emphasis on the model presented 
here has been on the importance of re- 
sponse factors in activities of the hu- 
man organism prior to its introduction 
to an experimenial situation. Phenom- 
ena such as stimulus discriminability are 
assumed to be a function of such previ- 
ous experiences. In these terms, the 
differentiation of stimuli varies from in- 
dividual to individual, and any general 
description of the discriminability of a 
stimulus only refers to the communality 
of experiences a group of individuals has 
had in learning differentiating responses 
to that stimulus. Thus, statements 
about stimuli, other than those refer- 
ring to receptor stimulation, are lim- 
ited to common social and learning ex- 
periences of subjects. In the past, stud- 
ies such as Gibson’s (8) have used 
stimuli and responses (with relatively 
homogeneous groups of subjects) which 
were most likely to result in similar dif- 
ferentiating learning experiences. 

In reference to transfer effects, Guth- 
rie’s warning (9) that transfer is spe- 
cific and not general has been taken 
account of. Particular attention has 
been paid to the fact that most human 
activities involve highly overlearned re- 
sponses and response aggregates, and to 
the relevance of this phenomenon to 
transfer effects. If the predictions made 
concerning the differential effects of a 
subject’s experiences with the stimuli 
and responses are borne out, then such 
long-accepted generalizations as Wylie’s 
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(30), that “the transfer effect is posi- 
tive when an old response can be trans- 
ferred negative 
when a new response is required to an 
need re-examination. 


to a new stimulus, but 


old stimulus,’ 
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KNOWLEDGE AND STIMULUS-RESPONSE PSYCHOLOGY ' 
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A frequent source of uneasiness 
among psychologists is the increasing 
recklessness with which the stimulus- 
response type of theory, after years of 
servitude in animal laboratories, is be- 
ing let loose among some of human psy- 
chology’s most cherished preserves (11, 
22, 37, 42, 48, 49). Many have long 
felt (46, 53) that even what lower ani- 
mals do depends in some sense on what 
they “realize” about their environment, 
so that a psychology which does not 
cognitions or perceptions as its 
basic concepts is poorly equipped for 
the study of infrahuman species. And 
many more can see, with a prophetic 
confidence paralleled only among the 
early opponents of experimental psy- 
chology, that S-R theory cannot pro- 
very far with human _ behavior, 
because human beings do not just per- 
form blind, automatic reflexes; they 
know what they are doing, and their 
actions are guided by what they know. 

However, the only way to find out 
whether a _ theoretical approach is 
doomed to failure or is premature is to 
try it out. If we can find a way to 
analyze the role of knowledge and re- 
lated phenomena in S-R terms, we may 
derive several important benefits. We 
shall be able both to take advantage 
of the rigor and precision of S-R lan- 
guage and to bring into view the rela- 
tions between higher mental processes 
and fundamental principles of mam- 
malian behavior. It has been abun- 


have 
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dantly demonstrated that S-R_ termi- 
nology need in no way do violence to 
the flexibility and rationality of human 
activity. Accounts of reasoning have 
been offered (11, 26, 42) which do not 
appear to contradict radically either the 
facts adduced by those who have stud- 
ied insightful problem solution or the 
tenets of S-R_ reinforcement theory. 
Discussion in similar terms of language 
processes, from which most of the psy- 
chological uniquenesses of human be- 
ings are generally held to spring, has 
been far from abortive (39, 49). And 
belated attempts to fit perception into 
the same framework have not encoun- 
tered any immediate obstacle (3, 50, 
52). The present paper discusses 
whether or not the human capacity for 
acquiring and using knowledge need 
escape the omnivorous maw of S-R be- 
havior theory. 


Since the and 


principles 
which we shall apply to our topic orig- 
inated in the investigation of very dif- 
ferent problems, mostly in animal psy- 
chology, we shall have to rely on a 
procedure, which we shall call concept 
extension, that has often provoked mis- 


concepts 


giving. We shall propose that terms 
which were introduced to describe one 
class of phenomena—-stimulus, response, 
drive, etc.—be extended to new classes 
of phenomena. Now it is frequently 
noted that human beings, and not least 
psychologists, are unduly prone to think 
that they have explained something 
when they have attached a new name 
to it. And cases of concept extension 
are apt to elicit the knowing look and 
the triumphant pounce from those who 
are commendably on the watch for such 
aberrations. But their well-meant vigi- 
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lance is here completely out of place, 
since concept extension is much more 
than mere labeling. The concepts which 
figure in systems such as Hull’s behav- 
ior theory (29, 30) are defined by sets 
of relations with other variables. Ap- 
plying them to new phenomena means 
therefore postulating that the same rela- 
tions hold for these cases and thus lay- 
ing down a set of hypotheses which can 
be followed until they prove inadequate. 
Concept extension is closely comparable 
to what happens in a court of law when 
it is ruled that taxis are hackney car- 
riages or that gramophone records are a 
form of writing. This, far from being 
an idle verbal eccentricity, immediately 
applies a large body of traffic regulations 
or of law of libel to a large class of 
new instances, until further experience 
makes it desirable to pass new legisla- 
tion. 


“KNOWLEDGE” AS A CONCEPT IN 
BEHAVIOR THEORY 


1. Ryle (47) has indicated that 
knowledge is a dispositional concept. 
An individual is said to possess it even 
when he is not in any way manifesting 
it, so that, like such terms as brittle- 
ness or electrical resistance, it expresses 
a probability that certain observable 
events (‘“truth-conditions” [10]) will 
occur, given certain additional condi- 
tions (“test-conditions” [10]). Dispo- 
sitional concepts must, in a psychology 
which uses quantitative language, be 
represented by intervening variables, 
which are defined by describing the 
equations linking them to observable 
antecedent and consequent variables 
(29). At the present stage, our formu- 
lations cannot be too exact, since con- 
cepts only approach precise definition 
as a science progresses (10), but on 
the antecedent side, we can note that 
knowledge is a product of learning. Its 
strength depends on exposure to a stim- 
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ulus situation in the past, on the per- 
formance of responses in that situation, 
and on certain motivating and reinforc- 
ing conditions, which have been dis- 
cussed elsewhere (4, 5). We assume 
that the possibility of innate knowledge, 
which at one time interested rational- 
ist philosophers, can be discounted. On 
the consequent side, we can bear in 
mind Skinner's point that “to know is 
largely to be able to talk about” (49). 
It is true that testing ability to pro- 
duce verbal behavior is one of the most 
convenient operations for measuring 
amount of knowledge, as in the tradi- 
tional scholastic examination. But it 
is not the only one. There are times 
when it is dangerous to judge how much 
a person knows from how much he talks, 
and a dumb man may know more than 
a windbag. There appear to be, in fact, 
three principal effects of knowledge 
which can be a source of consequent 
variables: (a) performance of verbal 


responses, (8) production of new knowl- 


edge (as in reasoning) or evocation of 
other implicit responses (e.g., attitudes 
or thoughts), and (c) effects on overt 
behavior. As regards the last-named, 
all we can say at this stage is that 
knowledge causes the organism to be- 
have in some respects as it would if 
the events or objects which are known 
were present. To use the terminology 
favored by cyberneticians and by Skin- 
ner, it causes present behavior to be 
“controlled” by absent or past events. 
With this point of departure, we can 
proceed to narrow down step by step 
the class of variables to which knowl- 
edge can be assigned. 

2. The intervening variables that con- 
stitute knowledge are habits. The re- 
sponses mediated by these habits may 
be overt, e.g., speaking or writing, or 
they may be implicit, e.g., thinking. 

3. The responses mediated by these 
habits are cue-producing responses (11) 
and, if implicit, they are furthermore 
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pure stimulus acts (23). This means 
that they produce self-stimulation which 
same organism. Subjects who “know 
about” particular events or objects are 
said to “be conscious of” them. It is 
worth noting that, although conscious- 
ness no longer enjoys the consideration 
that was held its due in the days of in- 
trospective psychology, it is still found 
necessary to distinguish conscious from 
unconscious processes, because of the 
special properties of overt behavior de- 
pendent on conscious processes. Be- 
haviorist writers (23, 35, 38) have at- 
tributed behavior, regarded as 
largely a human prerogative, to the 
capacity to react to one’s own reactions. 
Those (e.g., 11, 17) who have been in- 
clined to follow Freud’s assertion (14) 
that the unverbalized 
have particularly stressed reaction to 
self-stimulation from verbal responses. 
The intervention of cue-producing re- 
sponses has, moreover, been the key ad- 
mitting insightful problem solution to 
the domain of S-R theory (11, 26, 42). 

We have at our disposal two defini- 
tions of a “symbol” in behavioral terms, 
one offered by Morris (39) and one by 
Osgood (43). For the former, a sym- 
bol is a “sign that is produced by its 
interpreter and acts as a substitute for 
some other sign with which it is synony- 
mous,” and “if anything, A, is a prepar- 
atory-stimulus which in the absence of 
stimulus-objects initiating response-se- 
sequences of a certain behavior-family 
causes a disposition in some organism 
to respond under certain conditions by 
response-sequences of this behavior-fam- 
ily, then A is a sign” (39, p. 10). This 
definition does not seem altogether sat- 
isfactory, as it would make signs of 
drive-stimuli, drive-producing — stimuli 
and anything that induces any sort of 
set. Osgood’s definition obviates this 
and other objections: “a pattern of stim- 
ulation which is not the object is a sign 


such 
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of the object if it cvokes in. an organism 
a mediating reaction, this (a) being 
some fractional part of the total behav- 
ior elicited by the object and (b) pro- 
ducing distinctive sclf-stimulation that 
mediates responses which would not oc- 
cur without the previous association of 
nonobject and object patterns of stimu- 
lation” (43, p. 204). 

Osgood’s scheme thus follows this pat- 
tern: 


S — —>Sm —Ryx, 


n 


where S| is the sign, r,, the mediating 
reaction (a part of the response pattern 
made to the signified object), and Ry is 
the overt behavior evoked by r,,. It 
will be seen that r,, is the behavioral] 
equivalent of the “concept” or ‘‘mean- 
ing’ which a sign, in traditional accounts 
of symbolization, “‘conjures up” in the 
interpreter’s ‘“‘mind.” Its introduction 
is necessary for one very good reason, 
apart from those put forward by Osgood. 
Most studies of symbols in animals and 
men have naturally begun with the single 
symbol as a unit. But in human higher 
mental processes, especially in knowl- 
edge, the units are actually complex 
combinations or sequences of elemental 


symbols, e.g., sentences (propositions) or 


complex perceptual responses. Since 
these combinations or complexes have 
effects that their constituents would not 
have alone, we have an instance of 
patterning as described by Humphrey 
(32) and analyzed further by Hull (28, 
29). But this principle by itself will 
not suffice. The sentence ‘‘man bites 
dog” will have a different effect from 
“dog bites man” but a similar one to 
“human being sinks teeth into canine 
animal.” Yet, one might expect the 
opposite to be true, since the first two 
sentences must be nearer together on 
any primary generalization continuum. 
Similarly, on the response side, the same 
remembered material is likely to be ex- 
pressed in different words on different 
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occasions (2). So, different complexes 
of signs can come, through learning, to 
evoke the same “meaning” (which Os- 
good identifies by 7,,), and the same 
meaning can come. through learning, to 
different overt We 
have therefore clear cases of ‘‘secondary 
stimulus generalization” (29) or ‘“‘ac- 
quired equivalence of cues” (11) on the 
one hand and secondary response gen- 
eralization, acquired equivalence of re- 
sponses, or habit-family hierarchy (25, 
30) on the other. 
quire a mediating cue-producing response 
(11, 25, 29). 

When is evoked by a 
stimulus other than those coming from 
either the signified object or an external 
sign (“signal’? [39]), whether such a 
stimulus be external or response-pro- 
duced by another r7,,), we have 
what we shall hereafter call a symbol or 


evoke responses. 


These processes re- 


Osgood’s 1», 


\C.2., 


symbolic response. 

4. Knowledge mediates believed sym- 
Morris (39) attempts a behavioral 
account of belief (which, he points oul, 
can occur in differing degrees, as in judg- 
ments of probability) as the degree to 
which the organism is disposed to re- 


bols. 


spond as if the signified object existed; 
Skinner (49) likewise defines belief in 
terms of strength of response. However, 
much of the response pattern conditioned 
to the significatum can occur even when 
the sign or symbol is disbelieved ; it may 
very well evoke the same material in 
free association or directed thinking as 
it would if believed, and, as works of art 
and literature show, it may arouse sim- 
ilar emotional responses, though prob- 
ably less intensely. It is rather in the 
overl behavior that we must look for a 
measure of belief, and it is principally 
this that is inhibited in doubt or dis- 
belief. 

Philosophers have, of long 
wrestled with the problem of distinguish- 
ing belief from knowledge. For some, 
knowledge is true belief, while others 


course, 
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insist that, in addition to being true, 
beliefs must be supported by adequate 
evidence to justify the name of knowl- 
edge. These questions, though impor- 
tant and no doubt capable of empirical 
formulation, need not concern us here. 
False beliefs affect behavior just as they 
would if they were true, at least until 
something arises to make the subject 
doubt them, and we can presume that 
similar motivation underlies the absorp- 
tion of knowledge and error. We shall 
therefore not draw a distinction between 
knowledge and belief. 

5. The believed symbols mediated by 
knowledge are designative. Morris (39) 
classifies symbols according to the dis- 
tinguishing characteristics of the objects 
or events which they signify. If these 
characteristics. are stimulus properties, 
the symbol is designative, if they consist 
of a preferential status with respect to 
the organism’s needs, it is appraisive, 
and if they take the form of a tendency 
to evoke certain sorts of overt behavior, 
it is prescriptive. We can translate this 
valuable classification into 
scheme by categorizing symbols accord- 
ing to which fractional component of the 
significatum’s response pattern has come 
to form the r,,. If the r,, is composed 
mainly of emotional and drive-producing 
responses, it is an appraisor, whereas if 
it consists largely of fractional skeletal 
responses, it is a prescriptor. Desig- 
nators will thus be those symbols which 
are built up of responses dependent on 
the stimulus properties of the significa- 
tum, and these may consist of perceptual 
responses (3) or verbal responses of the 
kind Skinner calls “‘tacts” (49). 


Osgood’s 


TRAINS OF THOUGHT 


Many writers have described how the 
human being’s responses depend jointly 
on the present stimulus situation and, 
with recent experience predominating, on 
a whole mass of relevant past experience 
which has left traces in his nervous sys- 
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tem. We have Herbart’s apperceptive 
mass (21), Bartlett’s schema (2), and 
the modern social and perceptual psy- 
chologist’s frame of reference (20) as 
concepts referring to this phenomenon. 
Moreover, it has been pointed out that 
when these traces, which underlie knowl- 
edge, are reactivated, they give rise to 
long sequences of intraorganismic events 

-Bartlett’s schema (2), Hull’s sequences 
of pure stimulus acts (23), and Hebb’s 
phase sequences (19). 

There is no reason why we should not 
give to these sequences, which can bring 
about both the recall of old knowledge 
and, as in reasoning, the production of 
new knowledge, their everyday name, 
‘rains of thought. We can, by drawing 
on Hull (23, 29) and Bartlett (2), sug- 
gest the following six stages by which 
trains of thought may have developed 
out of simple response capacities in an 
animal as well equipped with ability to 
symbolize as the human being: 

1. Reaction. Hull starts his account 


(23) by describing a series of events in 
the external world, which produce a 
parallel series of events or reactions in 


an organism. But, as he acknowledged 
in a footnote (p. 512), this account is 
deficient. The organism’s reactions de- 
pend not only on external events but 
also on certain intervening variables 
representing conditions inside the organ- 
ism; chief among these are the effects of 
previous learning (sr) and motives 
(D). This explains why different indi- 
viduals not only perform different overt 
responses to the same external stimuli, 
but also derive different perceptions and 
later different knowledge from exposure 
to identical situations. 

2. Redintegration. If S,, S2, etc. ha- 
bitually occur in the same order or simul- 
taneously, then foresight or expectancy 
can emerge. Both S; and s, (the pro- 
prioceptive stimulus resulting from R;) 
can become conditioned to at least a 
fractional component of Ry». These com- 
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ponents can include incipient skeletal 
responses (postural sets) and visceral 
responses such as fear (36, 41), but also, 
and these are what concern us most, 
perceptual and subvocal cue-producing 
responses. 

If S,; has come in this way to evoke, 
fractionally or subliminally, the per- 
ceptual response (72) appropriate to S» 
(3), then some familiar phenomena from 
the psychology of perception follow from 
the principles of behavior theory. 

a. If the habitual .S. follows or accom- 
panies S,, then the principle of summa- 
tion of reaction potentials (29, Corollary 
v) leads us to expect a lowering of the 
threshold for perceiving S.. There will 
be values of the reaction potentials s,E;, 
and s,£;, such that, although neither 
exceeds the reaction threshold (slp) 
separately, the behavioral sum of the 
two will. In any case, the sum of both 
will be greater than s,£;, alone. Thus, 
this increase in perceptual reaction po- 
tential, which the writer has elsewhere 
identified with attention (3), explains 
the familiar fact that expected events 
are more likely to be perceived than 
others and are likely to be perceived 
more vividly. It is the phenomenon 
which Hebb calls the ‘‘central reinforce- 
ment of a sensory process’”’ (19). 

b. If S» is an ambiguous stimulus, 
i.e., if it evokes two or more incompatible 
perceptual response tendencies of about 
equal strength, then the one reinforced 
by the expectancy conditioned to S; will 
prevail. This is one case of the influence 
of set on perception (9, 33, 52). 

c. If the habitual S». is for once re- 
placed by a somewhat different stimulus, 
S4, then several results might ensue: 

(i) Illusion or dominance (8, 9, 45). 
S4 will evoke #2 by stimulus generaliza- 
tion, response generalization, or both, 
although this will normally be less strong 
than 74, the “accurate” perception (i.e., 
the most frequent perceptual response 
to S4). But 72, when strengthened by 
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the expectancy aroused by 5S;, may well 
prevail, so that S4 will be wrongly per- 
ceived as if it were So. 

(ii) Compromise (8,9). Both S; and 
Sa may evoke, by generalization, a per- 
ceptual response tendency corresponding 
to some stimulus occupying an inter- 
mediate position between S4 and S2 on a 
continuum. In that case the strength 
of this compromise perception, contrib- 
uted to by both, may exceed that of the 
expected perception (72) and that of the 
accurate one (74). 

(iii) Raised threshold. If 7. is not 
strong enough to prevail over 74, it may 
interfere with it in such a way as to 
reduce its effective reaction potential 
(s,2;,) (8, 45) and make its perception 
less probable. 

d. If the habitual S». is absent, and 
the S4 which replaces it is so remote from 
it that no compromise or illusion is pos- 
sible (ie., because the generalized s5,E;, 
is too weak), then two cases can arise: 

(i) In conditions of poor visibility 
where S,4 cannot be seen clearly (i.e., 
where s,/;, is weak), the 7, conditioned 
to S; may be supraliminal by itself. In 
that case we shall have a hallucination 
of S». This happens when tachisto- 
scopic figures are falsely completed (2) 
and when hallucinations are produced 
by suggestion (40) or conditioning (12). 

(ii) In conditions of good visibility, 
where the discrepancy between S2 and 
S4 cannot be overlooked, we shall have 
conflict between the incompatible per- 
ceptual responses, 74 of peripheral origin 
and 7, of central origin. If we assume 
(7) that conflict is a drive condition (Cp), 
this explains the emotional effect that 
results from the clash between an expec- 
tancy and an external stimulus and plays 
a great part in Hebb’s theory (18, 19). 

3. Symbolization. Our consideration 
of stage 2 reveals the role played by 
previous knowledge in perception.? But 

2It should be pointed out that, just as 
knowledge acquisition is best regarded as one 
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a step forward is achieved when two new 
conditions are fulfilled: (a) s;, the pro- 
prioceptive stimulus produced by &,, is 
sufficient without S, to evoke a fractional 
component of R2; and (8) this fractional 
component can be supraliminal without 
support from Ss. Then the fractional 
component of Ry can become a symbol 
(rm) for Sz and represent it in its absence. 
We then have the possibility of a true 
train of thought, a sequence of internal 
responses (symbols) which can act in 
lieu of a remembered, anticipated, or 
imaginary series of external events. 
Each symbol is in its turn elicited by the 
response-produced cue of the previous 
symbol, so that a behavior chain (30) is 
formed, comparable to those of temporal 
maze habits (51, 54) or human rote 
memory (27, 31). The symbols (7) 
constituting such trains of thought may 
include perceptual responses (7) or sub- 
vocal verbal responses (r,). 

4. Ramification. The next complica- 
tions arise when .S; participates in several 
habitual sequences of events at different 
times and thus can initiate several alter- 
native associated responses. Similarly, 
each symbol in its turn may be able to 
lead the train of thought off in many 
alternative directions. But what deter- 
mines precisely which response out of the 
many alternatives occurs? From Hull’s 
account (30, p. 312) we can expect four 
factors to determine it jointly: 


special sort of learning, namely that sort 
which enables a symbolic response to act in 
lieu of an absent stimulus, so the role of 
knowledge in perception does not exhaust the 
role of learning in perception. The cases we 
have been considering are those where the 
perception of a stimulus is supplemented or 
replaced by components of its perceptual re- 
sponses which have been conditioned to cues 
habitually accompanying it. There appear to 
be many other cases where learning affects 
perception quite differently: a stimulus which 
could give rise to a number of alternative 
perceptions gives rise to one in particular be- 
cause that one has been reinforced more than 
the others (34, 52). 
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a. External stimuli (S): In the case of 
autonomous trains of thought, only one 
of these is required in order to initiate 
the sequence. We shall therefore refer 
to such starting points as initiating 
stimullt. 

b. Response-produced stimuli (s). 
These may be proprioceptive cues from 
muscular responses (S,), or response- 
produced cues from perceptual responses 
(8) or verbal responses (sy). They keep 
the train of thought going after the 
initiating stimulus has ceased. 

c. Drive-stimuli (Sp). These continue 
throughout the sequence until the drive 
has been reduced and so become con- 
ditioned to every response in the chain. 
But the reinforcement-gradient principle 
implies that they will be most strongly 
conditioned to responses coming just 
before reinforcement. 

d. Fractional goal-stimuli (sg). These 
are internal cues produced by fractional 
anticipatory goal responses (rg). They 


have the dual function of providing sec- 


ondary reinforcement for earlier re- 
sponses in the series (30, Corollary xv) and 
directing the series toward a goal (24). 
The first two of these factors we shall 
call cue-stimuli and the last two we shall 
call motivational stimuli, noting that the 
two pairs have somewhat different roles. 
The cue stimuli provide the starting 
point for a train of thought and restrict 
the future course of the sequence to the 
relatively narrow range of responses to 
which they are conditioned. The moti- 
vational stimuli are conditioned to a 
much wider range of responses, since 
they must have coincided with an enor- 
mous variety of situations; they accord- 
ingly select from the repertoire made 
available by the cue-stimuli those items 
which are likely to contribute most effec- 
tively to the satisfaction of the motives 
aroused, and, in general, they serve to 
keep the train of thought on a path 
leading to the solution of the problem 
on hand. In addition, the drives with 


251 


which they are associated impel the chain 
of symbols to continue until the drives 
have been reduced or extinction has 
supervened. 

The above conception has been derived 
from studies of maze learning in rats. 
It is therefore encouraging to note that 
other writers have been driven to recog- 
nize two corresponding sets of factors, 
as a result of direct attacks on higher 
mental processes in human beings. 

Why only the correct association ap- 
pears, whether it be a question of a 
single reaction, as in the controlled- 
association experiment, or of long suc- 
cessions of thoughts, as in directed think- 
ing, was one of the principal interests of 
the Wiirzburg school. Their pursuit of 
the answer culminated in the theory put 
forward by Ach (1). It depends, he 
said, on the presence in consciousness of 
an “idea of the stimulus” (Reizvorstell- 
ung) and of an “idea of the aim” (Ziel- 
vorstellung). It is not hard to see in 
these two concepts the impact on the 
organism of cue-stimuli and motivational 
stimuli, respectively. They jointly pro- 
duce a “determining tendency,” which 
acts to steer the thought sequence 
toward the aim and to exclude irrele- 
vant digressions. 

Again, in Bartlett’s theory of remem- 
bering, recall is the product of both the 
stimulus which elicits the remembering 
process (which “reminds” one) and 
what he calls an “attitude,”’ which he 
describes as “very largely a matter of 
feeling or affect’? (2). The latter en- 
sures that the material which emerges 
is something pertinent to the present 
situation and not just a fortuitous asso- 
ciation. Our cue-stimuli and motiva- 
tional stimuli have thus obtruded them- 
selves in yet another guise. 

5. Reorganization. An important ad- 
vance is accomplished when the symbols 
making up trains of thought are no 
longer tied to one chronological order 
but become capable of rearrangement. 
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This added flexibility makes possible 
‘the assembly of behavior segments in 
novel combinations suitable for problem 
solution” (26; 30, ch. 10), and _ think- 
ing can perform “the two different func- 
tions of preparation for reality (anticipa- 
tion of what is probable) and substitution 
for reality (anticipation of what is desir- 
able)” (13, p. 50). 

The process of “short-circuiting” or 
“serial-segment elimination” pre- 
supposes, according to Hull (25), some 
persistent stimulus which acts during the 
whole of the sequence. Such a stimulus 
can become more strongly conditioned 
to later than to earlier items in the 
sequence, by virtue of the reinforcement 
gradient, and can thus serve to elicit 
anticipatorily those responses which im- 
mediately precede reinforcement, so that 
they crowd out irrelevant and unhelpful 
diversions. Internal events, and espe- 
cially those we have termed motivational 
stimuli, serve this purpose. 


Closely related conceptions appear in 
the writings of Hebb (19) and Bartlett 


(2). The former describes how the evo- 
cation of a familiar and long-established 
phase sequence comes in time to mean 
simply a review of its highlights, the less 
important connecting material gradually 
dropping out. Bartlett attaches an ex- 
treme importance to the ability of human 
organisms to ‘‘turn round on their own 
schemata,” i.e., to “go directly to that 
portion of the organized setting of past 
responses which is most relevant to the 
needs of the moment”’ (2, p. 206). This 
ability obviates the necessity of review- 
ing a succession of trivial memories in 
order to reach the point of time which is 
important, as happens in some primitive 
forms of remembering. The factors re- 
sponsible are “interest, appetite, etc.” 
These are obviously motivational terms, 
and once again we can see an instance of 
motivational stimuli leading straight to 
those responses which are most “rele- 
vant”’ to them (i.e., most closely con- 
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tiguous with their cessation). Bartlett 
also describes the formation of special- 
ized ‘‘schemata”’ (or organized system 
of retained material) pertaining to par- 
ticular ‘“‘appetites, instinctive tendencies, 
interests and ideals.”’ Thus, once more 
we find attributed to motivational stim- 
uli the power to tie together, and thus 
make readily available in close succes- 
sion, those response tendencies which are 
most likely to subserve particular drives 
or purposes. 

6. Ratiocination. The final refinement 
in the human being’s application of 
knowledge is logical or, as Piaget (44) 
calls it, ‘‘operational’” thinking. For 
this, the organism has to learn to per- 
form only such symbol sequences as ful- 
fil certain conditions (‘rules of logic’’) 
which are necessary to ensure their sta- 
bility and consistency. Some of these 
conditions are enumerated by Piaget, 
who outlines the stages by which a child 
gradually comes to achieve them. The 
reinforcement for this learning seems to 
come both from social reward and from 
the better adapted (more “‘intelligent”’) 
behavior that logical thought makes pos- 
sible. Except when the restrictions of 
realistic reasoning are suspended—as in 
dreams and fantasy (16), wit (15), etc. 
—fortuitous, irrelevant, or illogical asso- 
clations are inhibited. This is presum- 
ably because stimuli produced by such 
responses evoke some sort of acquired 
drive (e.g., Dollard and Miller’s “learned 
drive to make... explanations and 
plans seem logical” [11, p. 120 }). 

If, as is hoped, this discussion violates 
neither the nature and importance of 
knowledge nor the findings of S-R learn- 
ing theory, we can use the latter as a 
valuable source of hypotheses with which 
to attack many central problems in the 
higher mental processes. As an ex- 
ample, this account has given rise to a 
theory and to some experimental work 
on the much neglected topic of human 
curiosity, the motivation behind the 
acquisition of knowledge (4, 5, 6). 
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SUMMARY 


An attempt is made to conceptualize 
knowledge in stimulus-response language. 
Knowledge, according to this analysis, 
consists of habits which mediate be- 
lieved, designative symbols. It is sug- 
gested that symbol sequences or trains 
of thought are likely to have developed 
through six stages from the simplest 
response capacities to logical thought. 
Some of the phenomena that are familiar 
to investigators of thinking and percep- 
tion are shown to be consonant with this 
account. 
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A careful application of the principles 
of the philosophy of science to contro- 
versial issues within an area of an em- 
pirical science has often proved clarify- 
ing. These methodological (logical) 
analyses have occasionally demonstrated 
that some of the questions which scien- 
tists considered appropriate for experi- 
mental attack could actually be resolved 
only after linguistic analysis. The 
major contribution of any such analysis 
is the reformulation of some of the tra- 
ditional questions. The present paper 


attempts such an analysis of the psy- 
chological concept, “intelligence.” 

The paper is presented in two parts. 
The first contains a summary of the im- 


portant points, relevant to this analvsis, 
of the frame of reference within which 
the writers evaluate the methodological 
problems of their science. Writers of 
the philosophical school of “logical posi- 
tivism,” or “scientific empiricism,” have 
written explicitly on the methodology of 
psychology, formulating principles that 
may be regarded as the fundamental 
principles of neo-behaviorism (2, 3, 5, 
8). The second part deals with the ap- 
plication of these philosophical princi- 
ples to problems associated with the in- 
vestigation of human intelligence. 


THE METHODOLOGICAL FRAME OF 
REFERENCE 


The principles that scientists have 
followed in the formulation of their con- 
cepts have been made explicit by phi- 
losophers as a result of their analyses 
of the language of science, of which the 
language of the physical sciences is the 
prototype. The language of science is 


a physicalistic language; that is, the 
referents of the descriptive terms occur- 
ring in scientific discourse are physical 
objects or events, their properties, and 
their relationships. There is, therefore, 
implicit in the philosophy of scientists a 
basic assumption regarding a “real 
world.” The scientist assumes that 
there is a blueness “out there” when he 
has a sensation of blue. This “naive 
realism” of the scientist is not to be con- 
fused with any metaphysical viewpoints 
with reference to the nature of “reality.” 
The scientist’s position in this respect 
may be regarded as a convenient work- 
ing assumption. It is simply another 
way of stating his belief that the data 
with which he deals have sufficient gen- 
erality and significance to warrant fur- 
ther study. 

Concepts that have been accepted in 
science and have proved useful for theo- 
retical reasons, and for more pragmatic 
reasons as well, can be defined so that 
they are reducible to very simple terms, 
which have been designated by Carnap 
as primitive predicates (6). This class 
of terms is distinguished in part by the 
fact that they cannot be further re- 
duced, in the sense that they cannot be 
given linguistic definitions; understand- 
ing of such terms can be obtained only 
through acquaintance with their refer- 
ents. While philosophers have not 
troubled to delimit this class of terms 
categorically, its important character- 
istics may be given by a few examples. 
There are the property or quality terms 
such as “blue,” “green,” “bright,” 
“hard,” etc.; the relational terms such 
as “to the left of,” “above,” “between,” 
“brighter than,” etc.; and, of course, a 
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subclass of terms naming physical ob- 
jects and events. 

We may point out, parenthetically, 
that in scientific practice, concepts are 
not ordinarily reduced to (defined in 
terms of) such simple concepts. This 
would be laborious and, except for 
certain formal purposes, unprofitable. 
Words that may be reduced relatively 
easily to such a level are used without 
explicit definitions. Let us use the term 
“abstract” to refer to words whose defi- 
nitional chains are long in the sense that 
numerous statements are required for 
defining them solely in terms of the 
primitive predicates. We may then de- 
scribe scientific practice in this regard as 
that which utilizes explicit definitions 
only for the more abstract concepts; 
(even in these cases, the reduction proc- 
ess is carried down only so far as is 
necessary to avoid serious ambiguity). 
Such a statement, and rightly so, does 
not specify a crucial or necessary length 
of the definitional chain in order that 
the concept thereby defined be an ab- 
stract one. 

If each acceptable term in a scientific 
language can be defined with reference 
to such terms as “blue,’ “above,” 
“hard,” etc., then the concepts in sci- 
ence refer in the last analysis to things 
that are immediately observable in a 
very simple sense of this italicized 
phrase. It is just this characteristic of 
scientific language which is intended 
when it is said that the language of sci- 
ence is a physicalistic language or that 
it has a physicalistic verification basis. 

The formation of scientific concepts 
may be best understood through an ex- 
position of the grammatical (logical) 
form of definitions in general, techni- 
cally known as “definitions in use.” 
Conventionally, one finds on the left 
side of an equation-like arrangement of 
two sentences a sentence in which the 
term to be defined occurs. This sen- 
tence ordinarily states one of the sim- 
plest things that can be said about the 
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term to be defined. For example, we 
may wish to define the concept 
“length.” On the left side we may write 
the simple statement, “the length of 
this table is five feet.” In the more im- 
portant definitions, there is on the right- 
hand side of the definition a statement 
(or set of statements) that presents a 
relatively complex set of interrelation- 
ships among other terms, typically of 
the form: “If ... then - - -.” The 
two statements, the one on the right 
and the one on the left, are then con- 
nected by a symbol which carries the 
meaning, “means by verbal agreement 
the same as.” If we fill in the right- 
hand side of the definition, the above 
statement about length means the same 
as: “Jf one takes a fwot rule and re- 
peatedly places it so that there is no 
gap and no overlapping of one place- 
ment and another, and if each place- 
ment is parallel to the edge of the table, 
then five such placements may be made 
between the edges perpendicular to the 
direction of the placements.” The 
meaning of length is not explicitly car- 
ried, of course, unless the right-hand 
statement contains only terms which 
are already meaningful. 

The groundwork has now been laid 
for an exposition of the phrase that has 
become so popular among psychologists 

—“operational definition.” Bergmann 
(2) has pointed out that this term re- 
fers to nothing more complex than 
that science requires all terms occurring 
on the right-hand side of a definition 
to be, or to be reducible to, the primi- 
tive concepts we have already dis- 
cussed. This requirement may be desig- 
nated the empiricist meaning criterion, 
thereby avoiding some of the confusions 
which have become associated with 
“operationism.” In order for a word 
to be meaningful by this criterion, it 
must be reducible, in the sense dis- 
cussed above, to primitive predicates. 

Obviously, this discussion describes 
an ideal procedure. One may look 
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vainly through some introductory phys- 
ics textbooks for an explicit definition 
of the concept of ‘‘mass.” What one 
ordinarily finds are several statements 
about mass, any one of which might, 
according to our discussion of meaning, 
be construed as a definition. This fact 
points up the need for considering the 
second methodological principle concern- 
ing scientific concepts. Analyses of sci- 
entifically acceptable concepts show that 
these concepts not only meet the em- 
piricist’s meaning criterion, but in ad- 
dition are lawfully related to other 
meaningful concepts—such relationships 
being exemplified by statements of the 
form: “If A, then B,” where A and B 
are both meaningful concepts. In gen- 
eral, the more relationships a_ given 
concept has to other concepts, the more 
fruitful or useful it is said to be. Thus, 
in physics, the concepts of time, force, 
energy, mass, distance, etc. are ex- 


tremely useful since they enter in some 


form into all laws of mechanics. 

Many discussions of operationism 
have been found objectionable by some 
scientists—particularly by some psy- 
chologists—because they have not em- 
phasized this second aspect of scientific 
concepts. The scientist may insist that 
his term “means” more than just what 
is contained on the right-hand side of 
any definition of it. To anticipate later 
discussions, he may insist that intelli- 
gence means more than just an IQ from 
a given test: a high “amount” for a 
given individual means that this indi- 
vidual will probably do well in school, 
is probably good at arithmetic, is not 
likely to be found in an institution for 
the feebleminded, probably has _par- 
ents with high average school achieve- 
ment, and the like. The present formu- 
lation does not rob the scientist of the 
richness of his “meaning.” This ad- 
ditional meaning is carried by the state- 
ments of relationships between the un- 
ambiguously defined concept and the 
other concepts (i.e., school achievement, 
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institutionalization, level of parental ed- 
ucation, etc.). Conveniently, Bergmann 
(2) distinguishes between meaning I 
(formal, operational meaning) and 
meaning II (significance, usefulness, 
fruitfulness). A concept that does not 
meet the first criterion cannot meet the 
second. A concept that meets only the 
first criterion will eventually be dis- 
carded as useless. 

Since scientists are usually not so 
formal and explicit as are philosophers 
about such matters, one frequently finds 
in a scientific discipline useful concepts 
for which formal definitions have not 
been given. In some such cases, it is 
possible to formulate two or more 
equally correct anc equally simple defi- 
nitions. The question of which defi- 
nition to select for a given purpose is 
therefore a matter of convenience. It is 
not consistent, in a formal sense, to 
speak of alternative definitions for a 
concept, since an unambiguous term can 
have only a single definition within the 
same context; but one may speak 
loosely of a number of concepts in sci- 
ence for which, in practice, several defi- 
nitions are possible. This fact merely 
points out that it often happens in sci- 
ence that two or more grammatically 
different definitions may define concepts 
which are so highly interrelated that it 
is convenient to give each set of refer- 
ents the same name. In other words, 
the relationships between each of these 
formally different concepts on the one 
hand, and other concepts on the other, 
are, within acceptable limits of error, 
identical. It makes little difference for 
most purposes which concept is used. A 
case in point is the concept of electric 
current, which may be quantitatively 
defined in terms of the deflection of a 
magnetic needle, the amount of heat 
generated, or the amount of silver de- 
posited in a solution of nitrate of silver. 
When such clearly invariant relation- 
ships are found, it is often tempting 
(and, perhaps, of heuristic value) to 
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speak and think of the concept involved 
as if it referred to a “thing” ontologi- 
cally independent of all the sets of oper- 
ations, the description of any one of 
which could serve as the definition of 
the concept. It is usually implied in 
such discussions that the “thing” itself 
cannot be directly sensed, but that we 
“infer” its existence from the observable 
evidence (i.e., from the pattern of in- 
variant relationships among the opera- 
tionally defined concepts). Hence, it 
would be said, we may measure elec- 
tricity, even though we cannot directly 
sense it, in much the same way that we 
might assemble evidence concerning the 
existence and size of a hidden room in 
a house by comparing external measure- 
ments of the building with measure- 
ments of the observable rooms in it. 
It should be apparent from what has 
been said previously that this is merely 
a manner of speaking, and like many 
metaphorical expressions, generates lit- 
tle confusion unless one begins to ac- 
cept its literal meaning. In the latter 
event, scientifically sterile arguments 
arise as to what the “thing” would look 
like if we could directly sense it, or as 
to what the “correct” way is to measure 
(define) it. 

It frequently happens in the develop- 
ment of a science that a word appearing 
in the everyday, common-sense language 
is taken into the language of that disci- 
pline and is given a new definition. In 
most such cases, the new meaning is in 
some sense similar to the meaning of the 
word in the ordinary language. The 
words “force” and “mass,” for example, 
occurred in the English language before 
they were utilized in Newtonian physics. 
Most high school students of introduc- 
tory physics learn to distinguish between 
the two meanings such words have, and 
little confusion seems to result. In the 
newer sciences, however, attempts are 
often made to convey factual informa- 
tion through the use of words from the 
ordinary language without explicit re- 
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definition of such concepts. In extreme 
cases, it appears that some scientists, 
particularly those in the social sciences, 
conceive of science as a technique for 
“measuring” the things to which many 
of the words in the ordinary language 
presumably refer. While it is not the 
writers’ intention to depreciate the use- 
fulness of common-sense knowledge, 
they wish to point out that if it had no 
limitations, scientific knowledge would 
not be necessary. Also, if the language 
of common sense were sufficiently pre- 
cise, it would be unnecessary to study 
mathematics and logic. In many cases 
it appears that attempts to quantify (re- 
define) words from the natural language 
are uneconomical. Many such con- 
cepts refer in a vague way to highly 
complex sets of interrelations among 
distinguishable phenomena. It appears 
that the most economical way to study 
such patterns would be to define several 
concepts referring to these phenomena, 
with subsequent attempts to make ex- 
plicit by empirical investigations the in- 
terrelationships holding among them. 
An all too frequent substitute for such 
a procedure consists of an attempt to 
“capture” all the phenomena and re- 
lationships in the definition of a single 
concept. 

The complaint is not infrequently 
heard that if one subscribes to opera- 
tionism, he places severe and perhaps 
crippling limitations upon the extent of 
the generalizations he can make. The 
argument proceeds along the following 
lines: Suppose a psychologist does a 
series of experiments on the learning of 
a task under certain conditions, using 
adult human subjects, and concomit- 
antly defines a concept that he calls 
“habit;.” Operationally, the definition 
of this term includes references to the 
specific task, the conditions of learning, 
and the human subjects. Now, if he 
changes the task and the conditions, he 
must, according to the principles of 
operationism, define a new concept, 
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“habits.” If he keeps the same task 
and conditions, but uses chimpanzees, he 
must again define a new concept, 
“habits.” Obviously—the argument 
continues—such a procedure requires an 
inconvenient number of terms. Thus, 
operationism is too stringent and places 
too many restrictions upon scientific 
generalization. Since the business of 
science is the discovery of general laws, 
operationism defeats the purpose of sci- 
ence. 

There are two distinct issues involved 
in the preceding argument. First, no 
one would argue that the subscripts to 
the above concepts do not have discrim- 
inable referents, and phenomena which 
can be reliably discriminated mav, if 
one’s purpose requires it, be given dif- 
ferent names. Scientific practice may 
not typically be so formal as to apply 
subscripts to the terms, but it does 
differentiate among habits as studied in 
T mazes, in Skinner boxes, or in classical 
conditioning situations. Therefore, sec- 
ond, the question actually is whether a 
differentiation among such referents, 
either by name or by description, is a 
convenience or a hindrance. Concept 
analysis may be useful in pointing to 
the gaps in factual information where 
more careless terminological usage has 
obscured this lack. While it may point 
out logical differences among _ several 
concepts, it cannot indicate when there 
is sufficient empirical evidence to col- 
lapse these several concepts into a single 
one, or, more precisely, when it is pos- 
sible and useful to define a more general 
concept which incorporates subsidiary 
concepts previously defined. Much of 
what is called theory in present-day psy- 
chology represents attempts to formu- 
late more and more general concepts, 
whether they be called “habit,” “drive,” 
“aggression,” “sign-gestalt-expectations,” 
or what. In this last respect, scientists, 
without aid from the methodologist, 
are generally on guard against what 
Bergmann calls “that spurious compre- 
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hensiveness which is paid for by vague- 
ness and triviality” (3, p. 438). 

A similar objection to operationism 
probably arises from a failure to under- 
stand the formal (analytic) appreach 
utilized by many writers in the exposi- 
tion of this principle. The logician in- 
structs us that a definition is arbitrary 
in the sense that it is the designation 
of a symbol (word) as a representation 
of an idea or complex set of ideas; 
which particular symbol is selected is 
of no formal importance; what is im- 
portant is that the relationship between 
the word and its meaning be made clear 
and explicit. There is no empirical con- 
nection between a word and its referent. 
Objections to this formulation oiten 
take a form that suggests some type of 
word fixation or “concretism.” It seems 
doubtful that such a mode of thought 
actually underlies many of these objec- 
tions. What such people probably in- 


tend to emphasize—and logicians would 


be the first to agree—is that, in science, 
concepts are defined for some purpose. 
The scientist always wishes to define his 
concept in such a way that it will have 
a factual exemplification; that is, the 
referent of the term must exist in the 
same way that the referent of “chair” 
exists. Moreover, the scientist wants 
his concept to enter into statements of 
laws—in many cases, to enter only into 
certain laws. These two requirements 
depend upon factual matters for their 
realization. Thus, when the logician 
says that definitions are purely arbi- 
trary, he speaks from a formal point of 
view and does not intend anything so 
nonsensical as that empirical considera- 
tions do not enter into the scientist’s 
selection of a particular definition. It 
should be apparent that the answers to 
this objection, as well as to the one just 
previously stated, constitute restatements 
of the Meaning I—Meaning II distinc- 
tion in slightly different guises. 

The reader may note in this section 
of the paper an omission of any dis- 
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cussion of measurement and quantifica- 
tion. Since intelligence testing has been 
traditionally associated with such mat- 
ters (“mental measurement’’), this omis- 
sion may be regarded by some as seri- 
ous. The writers offer three reasons 
for their decision: First, the over-all 
logic of measurement, especially in psy- 
chology, has been clearly set forth by 
Bergmann and Spence (4). Second, 
the internal logic of test construction, 
together with its most widely accepted 
methods and techniques, has been com- 
prehensively covered in such articles as 
that by Bechtoldt (1) and others. Fi- 
nally, the writers consider this problem 
unessential to the understanding of the 
broader logic of the concept of intelli- 
gence, the primary concern of this pa- 
per. Misconceptions concerning the ad- 
ditivity of IQ points, the equality of 
units, the normal distribution of intelli- 
gence, etc. probably do not frequently 
occur among workers who are well 


grounded in the logic of statistics and 


measurement, and much of the con- 
fusion may be expected to disappear 
with improvement in such training. 


THE ANALYSIS OF INTELLIGENCE 


The term “intelligence” is one of a 
number of words that psychologists have 
taken from the natural language. Its 
common-sense meaning, like that of 
many similar concepts. is complex and 
indefinite. An unequivocal character- 
ization of the common-sense notion is 
probably both impossible and unprofit- 
able. Reflection on the common-sense 
meaning of intelligence, however. leads 
to the discovery of two important 
points: First, the meaning leads to logi- 
cal contradiction since, on the one hand, 
an individual may be regarded as gen- 
erally bright, and on the other, an 
individual may be considered intelligent 
with respect to one thing and unintelli- 
gent with respect to others. The sec- 
ond point is that the common-sense 
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meaning of intelligence always refers 
to behavioral consistency. There is the 
implication that the behavior of the 
individual is in some way trans-situa- 
tional. Intelligence, in the common- 
sense usage, is not a momentary state of 
the individual, but transcends to some 
degree the specific situations in which 
the individual behaves. 

In reading the nonexperimental 
(“theoretical”) literature concerning in- 
telligence, one must conclude that much 
time and energy have been devoted to 
attempts to capture and make explicit 
the several connotations of the natural 
language concept. Such attempts have 
probably stimulated much research. It 
is the writers’ opinion, however, that 
numerous sterile controversies and con- 
fusions have arisen from an inadequate 
analysis of the goals and purposes of 
work on intelligence. 

The organization of intelligence. 
There is one important assumption com- 
mon to all the frames of reference in 
which intelligence tests have been con- 
structed, from Binet to the present day. 
This is the assumption of trans-situa- 
tional consistency of behavior. How- 
ever, the different emphases of different 
test constructors have drawn attention 
to the inconsistencies of the original 
common-sense notion of intelligence. 
Some have argued that there is a gen- 
eral intelligence, that the trans-situa- 
tional consistency in the level of be- 
havior extends to all situations requir- 
ing “intellectual” problem solving. The 
term “intellectual” has actually been 
defined by the items selected for the 
tests rather than by attempts to cir- 
cumscribe the “population” of intellec- 
tual behavior. But others, utilizing fac- 
tor analysis as a tool, see no a priori 
limitations to the number of factors re- 
quired to account for the variability of 
“intellectual behavior” (e.g., Thurstone 
{10]). For them, the empirical data 
determine the number of factors. Still 
another group of investigators has con- 
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sistently distinguished between “verbal” 
and “performance’’ intelligence, or be- 
tween “abstract” and “concrete’’ intelli- 
gence. 

It seems correct to state that no one, 
in any of these groups, has unambigu- 
ously circumscribed the population of 
“intellectual behavior” or has provided 
explicit sampling criteria for the selec- 
tion of items for his tests. While this 
seriously limits the significance and ob- 
jectivity of the frames of reference 
(“theories”) in which the tests were said 
to be constructed, it does not detract 
in any way from any success in pre- 
diction that has been achieved by means 
of the tests; that is, the descriptions of 
the finished tests, and the accompanying 
instructions for administering and scor- 
ing them, constitute formally satisfac- 
tory definitions of the several concepts 
of intelligence, despite the lack of in- 
dependent objective criteria for the in- 
itial selection of the items that consti- 
tute the tests. 

The mathematical apparatus of factor 
analysis tends to obscure for some the 
fundamental logic of factor analytic in- 
vestigations. The apparatus has been 
developed to handle simultaneously 
great quantities of interrelated data rep- 
resenting responses of individuals to 
test items. The completed analysis, if 
successful, indicates classes of test items 
that have elicited, within classes, similar 
responses from each individual in the 
sample, but on which similar responses 
have differed from individual to individ- 
ual. The several empirically identified 
classes of items (stimuli) are then given 
names (e.g., “perceptual speed test,” 
“number test,” “test Y,” etc.), and in- 
dividuals receiving high scores on these 
classes are said to be high in “perceptual 
speed ability,” in “number ability,” etc. 
The prediction can be made that in- 
dividuals from the appropriate popula- 
tion will tend to behave with intra- 
individual consistency on items within a 
class and will differ from each other in 
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the consistent mode of behavior within 
classes of items, and that relatively little 
consistency in behavior will be mani- 
fested from class to class. One of the 
presumed goals of this procedure is that 
tasks other than those used previously 
will yield to an objective analysis which 
will permit one to specify the combina- 
tion of scores on the isolated factors 
that will be appropriate for successful 
performance on the task. Explicit rules 
for such analyses are not yet available. 
If such rules are ever specified, the 
utility of this approach will have been 
demonstrated. 

Experimentation using factor analysis 
has attempted to study simultaneously 
groups of items toward which individ- 
uals behave with intraindividual con- 
sistency and with individual differences 
in the manner of responding to these 
classes of items. Except for the latter 
problem, the procedure does not differ in 
fundamental logic from the procedures 
that have been used to scale the psycho- 
logical similarity of stimulus items. 
The meaning of the term “number test” 
or any other test can be given by stating 
the criteria for classifying the items into 
the test; this includes the entire factor 
analytic procedure. The meaning of the 
term “numerical ability” is given when 
the test is specified, the rules for ad- 
ministering it are given, and the scoring 
criteria stated. The term “factor” has 
often been used to refer to these dif- 
ferent, though related, concepts. More 
“operational” definitions of psychologi- 
cal concepts could scarcely be given. 
It should be clear, however, that no 
“primary” factors, in the sense of physi- 
ologically or phenomenologically funda- 
mental variables, can be said to have 
been isolated by the procedure utilized 
by the factor analyst any more than 
this could be said of other definitional 
procedures in psychology. 

There is little sense to the question: 
“Which of these definitions of intelli- 
gence is correct (or most nearly cor- 
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rect)?” Formally correct definitions of 
all these concepts may be given. Which 
of the several concepts of intelligence 
proves to be the most useful, in the 
sense of entering into laws which lead 
ultimately to more accurate predictions 
of human behavior, remains to be seen. 
There is little use in speculating unduly 
on this point, considering our current 
state of ignorance concerning the vari- 
ables associated with these concepts. 
Only empirical research can provide an 
unequivocal answer. 

A similar analysis clarifies arguments 
concerning whether or not intelligence 
tests need to contain “nonintellective” 
items. We may recognize, first. that the 
occurrence of the terms “intellective” 
and “nonintellective” ir everyday lan- 
guage does not guarantee that they re- 
fer to any features or phenomena that 
may be either consistently or usefully 
distinguished. If it is assumed for the 
moment that the terms are both useful 


and unambiguous, the proper question 
to ask is whether or not such items in a 
test will facilitate the achievement of 
the purpose for which the test was con- 


structed. Test constructors are (un- 
derstandably) rarely explicit about a// 
the predictions they wish to make with 
their tests, and it is impossible to de- 
termine, a priori, whether or not any 
particular class of items will prove gen- 
erally useful. Many of the controver- 
sial points concerning “the nature of in- 
telligence” stem from an assumption 
that all investigators constructing or 
working with “intelligence tests” have a 
single common goal. 

In this connection, Wechsler (10) 
asks if “the capacity for social adapta- 
tion” is not also a “sign of intelligence.” 
He states that intelligence tests involve 
more than “mere learning ability or 
reasoning ability or even general intel- 
lectual ability.” They also contain 
other “capacities which cannot be de- 
fined as either purely cognitive or intel- 
lective.” He goes on to state that this 
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is desirable, and that such factors should 
be included with greater premeditation. 
One might well ask how one is to ar- 
rive at a sensible decision on this pro- 
posal until the goals of intelligence test- 
ing have been relatively clearly set 
forth. The issue, it would seem, is not 
one of a definition of an “absolute” in- 
telligence that will be used generally; 
rather, it is necessary to state explicitly 
the criterion (or criteria) to be pre- 
dicted, and then to discover the tasks 
that will predict it. 

Heredity-environment. One of the 
most intense controversies in psychology 
in recent years was the heredity-environ- 
ment issue. On the one side’ was a 
group of individuals insisting that “‘in- 
telligence” is something not directly in- 
fluenced by the environment, i.e., not 
directly influenced by learning. On the 
other side, it was maintained that in- 
telligence could be affected by learning 
experiences. This issue was closely re- 
lated to the argument over the con- 
stancy of IQ, the insistence that IQ’s 
obtained from certain tests (viz., the 
Stanford-Binet) did or did not fluctuate 
markedly from time to time for a given 
individual. Reverberations of these 
controversies are still heard in current 
discussions of culture-free intelligence 
tests. 

The salient points in this controversy 
were rarely, if ever, clearly and ex- 
plicitly delineated. The polemical pa- 
pers written on the subject indicate that 
much of the difficulty centered around 
careless use of terminology on both 
sides, and they suggest that a methodo- 
logical analysis should prove clarifying. 
For example, the terms “environment” 
and “heredity” were never clearly de- 


1The writers know of no reputable psy- 
chologist who could be said to belong un- 
equivocally in one or the other of these 
mythical groups. Rather, the points at issue 
have been schematized in this way in order to 
represent more simply the pattern of the con- 
troversy. 
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fined, thus sharing the same ambiguity 
as “‘intelligence”—the concept they were 
intended to clarify. In the biological 
sciences, the term “heredity” is used 
precisely only in relation to the geno- 
typically traced characteristics of the 
ancestors of the individual whose hered- 
ity is under discussion. Any attempts 
to define “intelligence” by referring to 
“heredity” would presuppose applica- 
tion of the procedures of the geneticist 
to the “intelligence” of the ancestry— 
and the circularity of this is apparent. 

When one turns to research on the re- 
lationships between “heredity” and “en- 
vironment” on the one hand and “in- 
telligence” on the other, and construes 
these concepts operationally in terms of 
the research reports, one finds numer- 
ous definitions. A typical pattern of 
research was to provide an experimental 
group of children with specified experi- 
ences, to give pre- and posttraining in- 
telligence tests, and then to compare the 


IQ gains with those of a control group 
not having the same intervening train- 


ing. If greater gains occurred for the 
experimental group than for the con- 
trol, it was held that the “environment” 
had influenced “intelligence.” Few, if 
any, of these studies were devoid of 
serious experimental errors, the most 
damaging of which, in the writers’ opin- 
ion, was the typical failure to assign 
subjects at random to the experimental 
and control groups. The foster home 
studies provide another pattern of re- 
search used by the “environmentalists,” 
and were similarly limited by experi- 
mental errors. 

The “hereditarians” had their own 
crucial experimental designs. If the 
IQ’s for pairs of siblings reared sepa- 
rately correlated positively and signifi- 
cantly, it was the result of common he- 
redity. If the IQ’s for pairs of mono- 
zygotic twins correlated significantly 
higher than the IQ’s for pairs of bi- 
zygotic twins, it was the result of more 
similar heredity for the former. Ques- 
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tions arise as to the importance of com- 
mon uterine experiences, of the physical 
similarity of identical twins in leading 
to more similar environmental experi- 
ences, of the reliability in identifying 
identical twins except at birth, and so 
on. Jones (9) includes critical analy- 
ses of many papers in this area. 

Much of the argument on the heredity- 
environment issue was not confined to 
such empirical questions as the forego- 
ing paragraphs describe. Many workers 
in the area desired and expected a con- 
cept of intelligence which would pro- 
vide a quantitative index that would 
not change with time for the individual 
except under the most unusual condi- 
tions, e.g., brain damage, psychosis, pa- 
ralysis, etc. An intelligence test which 
suggested that intelligence fluctuated 
from day to day was therefore unsatis- 
factory; it was not a “real measure” of 
intelligence. The first empirical studies 
reporting systematic changes in IQ for 
groups were looked upon with consid- 
erable suspicion by many investigators. 
These studies and their supporters were 
answered with suggestions about uncon- 
trolled variables that might have pro- 
duced changes in IQ scores without af- 
fecting the fundamental intelligence. It 
now appears that this objection referred 
to the plausible possibility that IQ 
scores may be changed without ma- 
terially affecting performances on tasks 
for which there was either a presumed 
or an experimentally established rela- 
tionship with the IQ scores. The litera- 
ture shows an interesting neglect of this 
possibility by those who insisted on the 
effectiveness of environmental factors in 
changing the level of intelligence. An 
obvious example of such a factor is 
coaching. 

A terminological analysis helps to 
bring the conflicting conclusions into 
agreement. If intelligence is under- 
stood to refer to the performance on 
a given scale (Meaning I only), then 
without question, some environmental 
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influences (e.g., coaching, repetition of 
tests, etc.) can produce changes in in- 
telligence. On the other hand, if intelli- 
gence is understood to refer to some 
complex set of interrelated behaviors 
(Meaning I and Meaning II), and if 
we have neither a complete list of the 
behaviors nor explicit statements of the 
relations holding among them, then we 
do not know and cannot determine 
whether or not learning experiences can 
produce changes in intelligence. As a 
matter of fact, if intelligence is under- 
stood in this sense, we can never know 
fully what intelligence “means,” since 
subsequent investigations may uncover 
new relationships between the behavior 
and other concepts. One of the more 
important results of a methodological 
analysis of a scientific concept is the 
distinction made between the formal 


meaning of the concept and the empiri- 

cal knowledge about the concept. 
Analysis of the heredity-environment 

issue cannot be considered complete 


until mention has been made of the sci- 
entifically irrelevant values that have 
still further clouded the issues involved. 
The common-sense meaning of “intelli- 
gence” has a high value connotation for 
most of us, a characteristic it shares 
with many other psychological concepts 
(e.g., “rigidity,” “neurosis,” “prejudice,” 
etc.). Intelligence tests have thus been 
evaluated by some, not only in terms of 
their predictive power, but also in terms 
of the “desirability” of the content. 
The evaluations seem to state: “Intelli- 
gence is ‘good,’ and if the test does not 
predict ‘good’ behavior, then it is not 
an intelligence test.” This attitude 
often results in either a high evaluation 
of the IQ, per se, without adequate con- 
sideration for what can be predicted 
from it, or in bitter denunciation of test 
constructors who include questions in 
the test which handicap certain groups. 

To ask whether it is good or bad for 
an individual to have high intelligence 
is about as scientifically relevant as to 
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ask whether it is good or bad to have 
an object weigh a lot. After scientists 
have defined their terms and have 
stated the interrelations among them, 
societies may decide whether or not a 
given term refers to something desir- 
able. To reverse the procedure places 
on the scientist “pious” restrictions that 
are irrelevant to his purposes. 

A survey of current literature on cul- 
ture-free intelligence tests demonstrates 
this confusion of value and factual mat- 
ters. For example, Eells et al. (7), 
with the most articulate of frames of 
reference, criticize the modern educa- 
tional system and, therefore, the intelli- 
gence tests that predict success in it. 
They point out that middle-class teach- 
ers, with their particular middle-class 
version of what is the “best” and “true” 
culture, inflict their values upon school 
curricula, judgments of their pupils, and 
intelligence test items. Thus, they fail 
to develop the “full mental capacities” 
of their pupils, particularly of those 
pupils from lower classes. Present in- 
telligence tests seek to predict behavior 
closely related to the school culture. 
They are, therefore, inadequate “to 
measure the general problem-solving ac- 
tivities of human beings.” What is 
needed is an intelligence test that re- 
flects or measures the “genetic mental 
equipment,” “the general problem-solv- 
ing activities,” “the real talents,” etc. 
Such an index would permit us to show 
that class differences in intelligence do 
not exist and thus help to prevent social 
class prejudice and untoward discrimi- 
nation. 

Without arguing for or against the 
educational goals of Eells and his co- 
workers, we make the following com- 
ments. Most psychologists would now 
agree that the predictive power of in- 
telligence tests has been grossly over- 
estimated, in both scope and accuracy, 
by many professional and nonprofes- 
sional people. But to criticize a test 
because it predicts one thing and not 
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another seems pointless. Whether or 
not a test can be constructed to predict 
important behavior, and yet not dis- 
criminate among social classes, is en- 
tirely a question of fact. Apparently 
Eells et al. (7) are attempting to con- 
struct such a test, and their attempts to 
make explicit the behavior they consider 
it important to predict should aid them. 
That part of their program concerned 
with a reformulation of educational 
goals can find no direct support from 
scientific knowledge since science can- 
not tell us what the “better life” is. 
The validity of intelligence tests. At- 
tempts to use technically the ambiguous 
term “validity” have generated much 
confusion in literature on intelligence. 
Consider the basic question, “Is this 
intelligence test valid?” One possible 
clear meaning of this vague question 
has to do with the usefulness of the test 
for predictive purposes. The answer to 


the question, by this interpretation, re- 
quires only a summary of the empirical 


research with the test. There is, of 
course, not much point in asking the 
question about a new test since little 
empirical knowledge will be available. 
If a new test is demonstrated to predict 
the scores on an older, well-established 
test, then the evaluation of the predic- 
tive power of the older test may be 
used for the new one. In this sense, 
the “validity” of a new test may be 
established relatively easily. Usually, 
however, the publication of a new test 
should be regarded as an invitation for 
other investigators to help to discover 
the predictive power of the test. If a 
given investigator judges that claims 
are made for the test that are not war- 
ranted by the empirical data, then it is 
his duty to register his objections. But 
a bland statement that the test is not 
valid contributes nothing but confusion 
and polemics to psychological knowl- 
edge. It amounts to nothing more than 
a forecast of future uselessness of the 
test. 


PHILOSOPHY OF SCIENCE 265 

The previous interpretation of the 
basic question has the virtue of permit- 
ting an eventual empirical answer. An- 
other frequent interpretation is not so 
fortunate, having to do with whether 
or not the test is a true measure of in- 
telligence. It presupposes a meaningful 
concept of true intelligence. It seems 
that such a question, unanalyzed, has 
led many workers to attempt to dis- 
cover the “underlying nature of intelli- 
gence.” It is rarely clear from their 
writings what is the “nature” of the 
“nature” they expect to find. It ap- 
pears to have something to do either 
with the physiology or with the mental 
data of their subjects. The comments 
that follow are devoved to the issues 
that seem ‘o be involved. 

If one defines “intelligence” (or any 
other psychological concept) in terms 
of the individual’s responses to items on 
a standardized test, one may still ask, 
“What are the physiological correlates 
of this type of behavior?” That every 
bit of behavior has physiological cor- 
relates is something of which psycholo- 
gists are, as Bergmann puts it, “as cer- 
tain of as we are of anything in science” 
(3, p. 442). Unfortunately, the more 
complex (molar) the behavior, the more 
likely it is that our present best at- 
tempts to specify which physiological 
variables underlie the behavior will be 
pure speculation and probably will be 
neither good psychology nor good physi- 
ology. 

The problem is not greatly different 
in practice if one asks, “What are the 
mental correlates of this type of be- 
havior?”’ No psychologist claims direct 
observation of his subject’s mental data. 
If he is to do more than specu'ate, he 
must settle for observation of the sub- 
ject’s behavior (including verbal behav- 
ior) and the situations in which it oc- 
curs. He must assume that no mental 
states occur which are not im some way 
reflected in observable behavior. 

The only important point that needs 
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to be made is that both the mental and 
the physiological correlates remain for- 
ever distinct from the behaviorally de- 
fined (psychological) concepts. Even if 
one finds an invariant relationship be- 
tween a psychological and a physiologi- 
cal variable, they remain two things. 
One has found a law relating them. 
The failure to recognize this point has 
apparently led some writers to think of 
the physiological or mental variables as 
the “true” ones, which are only approxi- 
mately “measured” by behavioral vari- 
ables. What some psychologists seem 
to ask is whether or not the test re- 
flects accurately the appropriate mental 
variables. The hopelessness of any im- 
mediate attempt to answer such a ques- 
tion is obvious. The most convincing 
answer one could give is the same an- 
swer one would give to the question, 
“How adequately does the test predict 
certain areas of behavior?” 

To avoid misunderstanding, it should 


be made explicit that this formulation 
does not suggest that the study of the 
relationship between psychological and 
physiological variables is either an il- 
legitimate or an unprofitable area for 


psychologists. Nor does it suggest that 
the study of subjects’ verbal responses, 
under special instructional sets and con- 
ditions, as they relate to other situa- 
tional or behavioral variables, is either 
a logical or factual error. The argu- 
ment is merely that there are no a 
priori reasons why these variables are 
more fundamental (‘real’’) than those 
at the behavioral level. This is a mat- 
ter to be determined only by empirical 
trial and error. 


SUMMARY 


This paper is an attempt to examine 
some of the controversial issues in the 
field of intelligence by an application of 
some basic principles in the philosophy 
of science. A summary of the most 


SPIKER AND B. R. McCANDLESS 


relevant of these principles was given, 
and the principles were then applied to 
such problems as the organization of 
intelligence, the heredity-environment 
issue, and the validity of intelligence 
tests. The aim of the analysis in each 
case was to separate terminological and 
other logical issues from the factual 
issues with which they have become 
confused. It was seen that there is 
little left that can be considered con- 
troversial, except in the sense that any 
question of fact may be a controversial 
point until adequate evidence is pro- 
vided for its resolution. The confusions 
that arise as a result of trying to for- 
mulate single answers to multibarrelled 
questions can be eliminated. 
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THE SKAGGS-ROBINSON HYPOTHESIS AS AN ARTIFACT 
OF RESPONSE DEFINITION * 
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The literature on retroaction shows 
many variables involved in the deter- 
mination of the experimental results. 
One of the most important of these is 
the similarity between original and in- 
terpolated tasks. Systematic investiga- 
tions of similarity have been conducted 
since 1920. These experiments show 
that interference effects have either in- 
creased (e.g., 3, 7) or decreased (e.g., 
4, 6) with increasing similarity betwee2n 
the tasks. Apparently, no experiment 
has reported reliable increasing and de- 
creasing effects in the same experimen- 
tal design. 

There have been two major theoreti- 
cal attempts (5, 6) to integrate the re- 


sults of the similarity experiments to 


form a general similarity function. 
These general functions have assumed 
that the results of the many experi- 
ments are comparable even though 
they involve (a) many different defini- 
tions of similarity, and (6) more than 
one experimental design. It will be 
argued here that a confusion of ex- 
perimental designs within given experi- 
ments has led to a procedural problem 
which is crucial to the interpretation of 
similarity results. This problem is a 
fundamental ambiguity concerning the 
definition of an acceptable response. 
When the problem of response defi- 
nition is recognized, two important con- 
sequences are apparent. First, a cen- 
tral issue in retroaction theory—the 
1 This research was supported in part by 
the United States Air Force under Contract 
AF 33(038)-25726, monitored by the Air 
Force Personnel and Training Research Cen- 
ter. Permission is granted for reproduction, 
translation, publication, use and disposal in 


whole and in part by or for the United States 
Government. 


similarity paradox—becomes a pseudo- 
problem. Second, one of the most fre- 
quently used measures of similarity— 
identical elements—is seen to be con- 
founded. 


THE SIMILARITY PARADOX 


From early systematic studies of simi- 
larity, a generalization was drawn to 
the effect that interference increases as 
the similarity of the tasks increases. An 
extrapolation of this trend would show 
maximum interference when the tasks 
are made maximally similar. A paradox 
arose when it was noted that maximal 
similarity of successively learned tasks 
is the condition for ordinary learning; 
that is, continued learning with the 
same materials. Thus it appeared that 
the point of maximal similarity was at 
once the condition of (@) maximum fa- 
cilitation, and (4) maximum interfer- 
ence. This is the similarity paradox to 
which Robinson (6) called attention 
and for which he proposed a resolution, 
which has come to be known as the 
Skaggs-Robinson hypothesis. 

The Skaggs-Robinson — resolution. 
Robinson began his analysis with the 
experimental data available to him, 
which showed increasing interference 
with increasing similarity. But he rea- 
soned that there must be some point 
along this function at which the trend 
reverses, interference starts to decrease. 
and the function moves to high facilita- 
tion at the end point of maximum simi- 
larity. He also reasoned that there 
must be at the other end of the simi- 
larity scale a point at which no inter- 
ference or facilitation is found as a 
function of complete dissimilarity of 
materials. The curve of this hypo- 
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thetical function goes from high facili- 
tation (point A on Fig. 1) at maximum 
similarity to maximum interference at 
some intermediate point (point B), then 
to neutral at the point of complete dis- 
similarity (point C). Robinson had 
available evidence showing the slope 
from B to C. With a different experi- 
mental design he obtained results (6) 
giving the slope from A to B. How- 
ever, many subsequent attempts have 
failed to produce the entire function 
within one experimental design and with 
one definition of similarity. 

Osgood’s transfer-retroaction theory. 
Osgood (5) pointed out the lack of speci- 
ficity of Robinson’s formulation. In a 
stimulus-response analysis of the experi- 
mental materials, he showed clearly that 
three basic types of expe*iments have 
been used: (7) stimuli constant and re- 
sponses varied, (6) responses constant 
and stimuli varied, and (c) both stimuli 
and responses varied. The evidence, 
which Robinson tried to reconcile with 
ordinary learning (increasing interfer- 
ence with increasing similarity), Os- 
good holds to be the special case of 
simultaneous variation of both stimuli 
and responses. However, within this 
special case, Osgood’s theory requires 
that the trend reverse itself in order to 
account for ordinary learning. The 
function thus obtained is very similar 
to that of Robinson. 

This analysis of the experimental ma- 
terials appears to leave the fundamental 
paradox unresolved. One fact that has 
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AND ORIGINAL MEMORIZATION « DESCENDING SC ALE 


Fic. 1. The Skaggs-Robinson hypothesis. 
Hypothetical relation between similarity of 
original and interpolated material and amount 
of reproductive interference (6). 
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been overlooked is that there exists 
within these experiments a confusion of 
experimental designs. This confounding 
renders ambiguous the criteria by which 
the experimenter defines a correct re- 
sponse. 


THE PROBLEM OF RESPONSE 
DEFINITION 


In order for the results of different 
experiments to be combined in a gen- 
eral function, it must be assumed that 
the experimental procedures are com- 
parable. When ordinary learning and 
interference data are compared, this as- 
sumption is violated. If we consider 
the criteria by which the experimenter 
defines a correct response, it can be 
shown clearly that two different pro- 
cedures are involved. The procedure 
of the interference studies may be ex- 
pressed as an ABA design, that of ordi- 
nary learning as an AAA design. 

Response definition in the ABA de- 
sign. The basic experimental design 


which has been used in the study of 
similarity effects is expressed in the 


ABA paradigm. Three learning series 
are involved: original learning (OL), 
interpolation of a different learning task 
(IL), and relearning (or recalling) the 
material of the original series (RL). 
The similarity between the original and 
the interpolated tasks is varied system- 
atically. In the relearning series the 
subject is required to make the re- 
sponses appropriate to the A series and 
not to make the responses of the B 
series. One of the stimulus-response 
paradigms for this design is as follows: 


OL IL RL 
S:—R, S,:—R: S,—R, 


The stimuli are constant for the three 
series and the responses are varied. It 
will be noted in this design that the sub- 
ject must learn two different responses 
to functionally identical* stimuli. The 

2 The point has been made (5) that no two 
stimuli are ever absolutely identical. We may 


use the term “functional identity” to express 
our constant stimulus presentation. 
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performance on the relearning series in- 
volves a competition between the two 
responses. The subject must make R, 
and must not make Rz» in order for the 
trial to be recorded as correct. Regard- 
less of how similar the two responses 
are, the subject is required to discrimi- 
nate between them in order to satisfy 
the criteria of a correct response. 

Now let us suppose that the experi- 
menter increases the similarity of the 
required R, and R» toward the point at 
which they are functionally identical. 
As this point is approached, the subject 
has increasing difficulty in discriminat- 
ing between them (the experimenter 
must retain a method of ready distinc- 
tion), and the interference effects would 
thus be expected to increase. At func- 
tional identity the discrimination can- 
not be made. If the procedure of the 
interference design (ABA) is main- 
tained, the interference effects between 
the two tasks are maximum—the sub- 
ject cannot learn the two tasks at all. 

Response definition in the AAA de- 
sign. Ordinary learning proceeds on 
the basis of the successive presentation 
of stimuli and responses of functional 
identity. If we set up a paradigm for 
ordinary learning in the same manner 
as we have done for the ABA design 
above, our responses are distinguished 
only by the series in which they appear. 


OL IL RL 
S,—R;, S,—R>. S;—R; or R, 


In this case R; and Re are functionally 
identical and are distinguished only by 
the series in which they appear. The 
subject is not required to discriminate 
between them in his performance. 
Either R; or Re is recorded by the ex- 
perimenter as a correct response. This 
means that the subject does not have to 
discriminate between the response he 
made in OL and the response of IL. In 
this situation, facilitation is maximum 
at the same point as described above— 
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AND ORIGINAL MEMORIZATION - DESCENDING SCALE 


Fic. 2. Diagram showing results of Mc- 
Geoch and McDonald (3), extrapolation in- 
volving continued use of ABA procedure, and 
the Skaggs-Robinson proposal to reconcile re- 
sults with ordinary learning. 


that of functional identity of both 
stimuli and responses. The difference 
between the two is the procedure by 
which the experimenter determines what 
is to be recorded as a correct response. 

Robinson’s analysis. The data that 
were available to Robinson were based 
upon the ABA procedure and showed 
increasing interference as similarity in- 
creased. The results of McGeoch and 
McDonald (3) have been used in Fig. 
2 to represent this trend. Extrapola- 
tion of these results would give a pre- 
diction of maximum interference at 
maximum similarity. This extrapola- 
tion is based upon continued use of the 
ABA procedure and is shown by the 
dash line in Fig. 2. Robinson rea- 
soned that there must be a reversal of 
this trend in order to account for ordi- 
nary learning (dotted line). Robinson’s 
hypothesis requires a shift to the AAA 
procedure. The writer knows of no 
results in which this reversal occurred 
reliably when the same procedure was 
maintained. 


METHODOLOGY AND THE DEFINITION 
OF SIMILARITY 


From Fig. 2 it appears that the simi- 
larity function for the AAA procedure 
is considerably different from that for 
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the ABA procedure. It follows that 
any experimental design should involve 
only one of these for the results to be 
meaningful. The inclusion of both 
AAA and ABA in a given similarity ex- 
periment would confound the effects 
due to similarity with the effects due to 
the use of the two procedures. This is 
just the confounding that occurs when 
similarity is measured by the number 
of identical elements. 

In the experiment of Robinson (6), 
for example, similarity was measured 
by the number of elements that were 
identical in the three series. The re- 
sponses in his tasks have been schema- 
tized as follows: 


Elements 

OL IL RL in Common 
abcd efgh abcd none 
abcd afgh abcd one 
abcd abgh abcd two 
abcd abch abcd three 
abcd abcd abcd four 


From the foregoing analysis it will be 
seen that wherever a response element 
appears in all three learning series, the 
AAA procedure is followed with respect 
to that element; that is, the subject is 
not required to discriminate between 
R,; and R.. Wherever a different ele- 
ment is found in the interpolated task, 
the ABA procedure is followed; that is, 
only R, is acceptable as a correct re- 
sponse in relearning. Thus, in Robin- 
son’s experiment, increasing similarity 
was accompanied by an increase in the 
use of the facilitative AAA procedure. 
The less the interference procedure is 
used, the less would interference effects 
be expected in the results. This is pre- 
cisely the result obtained by Robinson 
(6), Harden (1), Kennelly (2), and 
others using identical elements as a 
measure of similarity. 

If varying the number of identical 
elements involves confounding similarity 
with the differential use of two proce- 
dures, then identical elements experi- 
ments do not give a legitimate similar- 
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ity function. Experimental techniques 
may possibly be devised to separate the 
similarity effects from the procedural 
effects. Until this is done, the results 
of identical elements experiments can- 
not be compared with those in which 
only one procedure is used. 


SUMMARY 


It has been maintained in this discus- 
sion that the similarity paradox in hu- 
man learning was created by the analy- 
sis made by Robinson. Maximum simi- 
larity between OL and IL may be the 
condition for either maximum facilita- 
tion or maximum interference, depend- 
ing upon the criteria established by the 
experimenter for defining a correct re- 
sponse in RL. 

The evidence used by Robinson to 
support his general function is based 
upon an identical elements definition of 
similarity. Varying the number of 
identical elements was shown to con- 
found similarity with the use of two 
response definitions. 
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Until vast amounts of research are 
carried out on animals other than the 
white rat and using drives other than 
hunger and thirst, and until all the 
quantitative interrelations are investi- 
gated, a field theory for comparative 
psychology will be relatively immature. 

The concept of field has had many 
different applications in both physics 
and psychology. The attempt will be 
made here to point out some aspects of 
this concept as it is being used in this 
paper. Reference may be made to two 
previous articles developing this general 
frame of reference (1, 2). The organ- 


ism as conceived here is a configuration 
of energy existing within a larger con- 
figuration of energy termed the environ- 


ment. There is a constant interaction 
between the two fields. The organism 
is conceived of as following a process 
of differentiation with respect to the 
environmental field. This process re- 
flects an attempt of the organism to 
achieve homeostasis with the environ- 
mental field. Examining a_ brightly 
lighted maze and a dark goal box may 
be viewed as a field of energy with a 
difference, and this difference may be 
measured by the intensity of light in 
the maze and in the goal box. The 
frame of reference used here is that the 
organism differentiates in the direction 
of less light, and in so doing it differ- 
entiates between the correct pathway 
and the incorrect pathway. In essence, 
then, a difference in the environmental 
field of energy produces a difference in 
the organism’s field, as manifested in 
terms of time and errors. The field con- 


1 The author wishes to express his apprecia- 
tion to Mary Lou Krehbiel for editorial as- 
sistance in the preparation of this paper. 


cept is utilized here in a broader sense, 
inasmuch as the light is only one part 
of the total field of energy operating 
upon the organism; and we shall at- 
tempt to present a theoretical frame- 
work for isolating some of the major 
parts of the environmental field with 
respect to learning and perceptual prob- 
lems. 

In an earlier paper (3) the writer 
outlined a theory for, and some psy- 
chophysical techniques of, investigating 
maze learning when many different field- 
type drives are utilized. The concept 
of field drive is utilized somewhat syn- 
onymously with the term exteroceptive 
stimulus. It covers stimuli which orig- 
inate outside the organism such as light, 
temperature, etc. This concept is used 
to cover types of motivation other than 
the internal biological drives such as 
hunger and thirst. 

The first mathematical postulate in 
the earlier paper pertained to an experi- 
ment in which temperature and its re- 
duction served as the motivating factor 
and as reinforcement. It dealt with 
the ratio between the increment of the 
difference between temperature in maze 
and goal box and the difference between 
temperature in maze and goal box nec- 
essary to produce a statistically signifi- 
cant difference in time and errors. 

The object of this paper is to illus- 
trate further how this psychophysical 
approach might be applied to maze 
learning, motivation, perceptual dis- 
crimination, and the Skinner-type de- 
sign. The attempt will be made to 
illustrate it as an operational frame of 
reference applicable to exteroceptive 
types of stimulation and to many dif- 
ferent types of animals. 
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TABLE 1 


PossIBLE COMBINATIONS OF EXTEROCEPTIVE STIMULI WHICH COULD THEORETICALLY Br 
TESTED PsYCHOPHYSICALLY IN MAZE, PERCEPTUAL DISCRIMINATION, 
AND SKINNER-TYPE DESIGNS 


Apparatus 
(with modifications) 
and Locations of 
Measure 
Maze 
1. Maze 


2. Goal box 


Perceptual Discrimi 
nation 
1. Entrance 
compartment 
2. Goal box 


of the Field 


| 








Fields 
of Energy 


Temperature 
Light 
Revolutions 
Craseous 
formaldehyde 
Angle of 
inclination 
Sucrose 


Formula for Varying 
both Measures of 
the Energy Field 

Concomitantly 


A(M —g) =K(M —z) 
Vf = Maze 
g =Goal box 


A(E —g) =K(E —g2) 


E =Entrance 
compartment 
g =Goal box 


4(B—A) =K(B—A) 


Formula for Varying 


Stimulus in the Maze, | 


in the Entrance 
Compartment, and 
before Pressing Bar 
A(M —g-) =K(M —z-) 


A(E —gc) =K(E —ge) 


A(B—-A,) = 


Formula for Varying 
Stimulus in the Goal 
Box or the Period 

after Pressing the Bar 


A(M-—x2) =K(Me—& 


Skinner Design Amperage 

1. Before pressing Sound 
bar Humidity 

2. After pressing A 
bar 








B =period before 

pressing lever 
period after 

pressing lever 


K(B—A¢e) 














SomE APPLICATIONS OF THE BASIC 
POSTULATE TO MAzE LEARNING 


Table 1 presents an outline illustrat- 
ing some of the permutations to which 
the writer’s mathematical formulation 
would be applicable. The first major 
division of its applicability is maze 
learning. This postulate stated in ab- 
breviated form is: The increment of 
the difference between the stimulus in 
the maze and the stimulus in the goal 
box necessary to produce a just no- 
ticeable difference (j.n.d.) in time and 
errors is a constant fraction of the 
difference between the stimulus in the 
maze and the stimulus in the goal box. 
The formula for this may be found 
in the third column of Table 1. The 
goal box and the maze both can vary. 
These formulae can be found in col- 
umns 4 and 5. Some preliminary work 
has been carried out to set up appa- 
ratus and procedures for testing some 
of the different types of stimulation 
utilized as motivation in maze learning. 

Caldwell and Mosman (5) utilized 
temperature. Caldwell, Thaler, and 
Katz (10) performed a variation of the 
temperature-type experiment. Caldwell 
and Womack (12) utilized light avoid- 
ance. Caldwell and Sandler (9) uti- 
lized gaseous formaldehyde. Albino 


mice were utilized in all five of these 
experiments. 

Caldwell and Floyd (4) performed 
an experiment on albino mice placed 
in a maze which could turn a certain 
number of revolutions per minute and 
which would stop turning when the ani- 
mals reached the goal box. This type 
of design lends itself to the possibility 
of varying the revolutions in the maze 
and in the goal box. Caldwell and 
Richmond (7) performed an experiment 
on hamsters wherein they utilized geo- 
tropism as the motivating factor. The 
maze had an angle of inclination of 21 
degrees. The animals had to ascend 
the maze to reach the goal box, which 
had an angle of inclination of zero de- 
grees. This experiment was also re- 
peated by Caldwell and Ostrich (6) uti- 
lizing albino mice. This type of design 
also lends itself to the possibility of 
testing various combinations of differ- 
ences represented by variations in the 
angle of inclination. 

It is possible to use fish in field-drive 
experiments. An experiment was per- 
formed on goldfish which swam in a 
maze of high temperature to a goal box 
of low temperature (11). In this con- 
nection it is interesting to hypothesize 
an electrical field in a maze and either 
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its absence or reduction in a goal box. 
The maze itself might be positively 
charged and the goal box negatively 
charged. Various degrees of conduc- 
tion might be applied in each. 

The salmon has some photosensitive 
receptors deep in its skin (15). These 
are first covered by a layer of pigment, 
which subsequently disappears. As a 
result of this the fish reacts negatively 
to light. The hypothesis formulated 
here is that these receptors in the sal- 
mon could operate as motivating factors 
in the maze, and their reduction would 
serve as reinforcement. In testing this, 
various kinds of controls would have to 
be employed to separate the skin recep- 
tors from those of the eye. 

Guttman (14) conducted some inter- 
esting experiments on rats in which he 
used bar-pressing responses reinforced 
with sucrose solutions of various com- 
binations. This suggests the question 
of how much increment in sucrose is 


necessary to get a difference in rate of 


responding in the maze situation. The 
problem might be stated as the incre- 
ment of the difference between the su- 
crose concentration fed before starting 
the maze and that fed in the goal box 
necessary to produce a j.n.d. in time 
and errors representing a constant frac- 
tion of the difference between the con- 
centration fed before starting the maze 
and concentration fed in the goal box. 

The stimulation of sound and humid- 
ity might be applied to this type of de- 
sign and the various combinations of 
differences tested. 


SomE APPLICATIONS TO PERCEPTION 
PROBLEMS 


In Table 1 the same approach might 
be applicable to problems of perception. 
Flynn and Jerome’s study (13) with 
rats might be applicable here. Light 
avoidance has been utilized with pig- 
eons on perception problems (8). The 
light avoidance was employed for mo- 
tivation in training pigeons to dis- 
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criminate geometrical figures. The ap- 
paratus consisted of a box which was 
brightly lighted and painted with alu- 
minum paint. The goal box was rela- 
tively dark, and the goal-box doors 
were a circle or a triangle, depending 
upon the problem. If a pigeon entered 
the circle, for instance, the light would 
be turned off and the bird would remain 
in the dark goal box for five minutes. 
Error and time curves were established 
for these pigeons. 

Our intention is to emphasize the pos- 
sible applicability not only of light 
avoidance but of other types of field 
drives to problems of perceptual dis- 
crimination, and also to urge the psy- 
chophysical treatment of data derived 
from such types of experiments. The 
part of the apparatus where the animal 
is placed to make the discrimination is 
referred to as the entrance compart- 
ment, and the darkened area is desig- 
nated as the goal box. The stimulation 
can vary in three ways similar to those 
suggested for maze learning. 

For purposes of clarification, this 
problem might be stated as follows: The 
increment of the difference between the 
light in the entrance compartment and 
the light in the goal box necessary to 
produce a j.n.d. in perceptual differenti- 
ation (in time and errors and correct 
choices) is a constant fraction of the 
difference between the light of the en- 
trance compartment and that of the 
goal box. 


SoME APPLICATIONS TO THE SKINNER- 
Type DESIGN 


Another problem is that of using 
field drives such as temperature, gase- 
ous formaldehyde, light avoidance, etc. 
in the type of experimental design 
outlined by Skinner (15). Skinner’s 
method may possibly be more sensitive 
to psychophysical measures than those 
of the standard maze-learning phenom- 
ena. Also, it is important theoretically 
to know how the results obtained from 
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utilizing the Skinner-type design and 
field drives compare with results derived 
from the use of maze-learning designs 
and field drives. 

In order to test the following drives, 
the Skinner-type design must be modi- 
fied, but the essential elements in the 
design should be retained—mainly, the 
instrumental one where a stimulus is 
introduced and the organism presses a 
bar to stop the stimulus. Records 
should be kept on the relation between 
the variation in the intensity of the 
stimulus and the variation in bar press- 
ing. Guttman investigated bar-pressing 
responses in the rat where sucrose was 
utilized as reinforcement. He says: 

Evidence is presented that rate of responding 
in the Skinner box with rats is a semilogarith- 
mic function of the concentration of sucrose 
used as reinforcement. Extrapolation of the 
fitted rate-concentration function yields an 
estimated reinforcement threshold in the re- 
gion of the sucrose-preference threshold and 
the human sucrose limen. Extension of this 
experimental technique to other reinforcing 
agents may yield a systematic pattern among 
reinforcement thresholds (14, pp. 360-361) 


The application of this approach to 
the Skinner design might be further 
clarified by the following: The incre- 
ment of the difference between the in- 
tensity of light in the Skinner bar-press- 
ing apparatus before the bar is pressed 
and the intensity of light there after the 
bar is pressed necessary to produce a 
j.n.d. in the time and frequency of bar 
pressings is a constant fraction of the 
difference between the intensity in the 
Skinner bar-pressing apparatus before 
the bar is pressed and the intensity there 
after it is pressed. 


Some APPLICATIONS TO MOTIVATION 


A fourth type of apparatus to which 
this general theoretical approach might 
be applied is that which attempts to 
measure motivation. There are many 
types of apparatus which are utilized for 
measuring activity levels. The revolv- 
ing drum is one that might be applied 
here to these various exteroceptive stim- 
uli. The difference in the stimulus field 
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could be measured with light, as an ex- 
ample, by measuring the light intensity 
in the animal’s cage and then measuring 
it in the revolving drum. The j.n.d.’s 
would be in terms of activity level meas- 
ured in terms of the number of revolu- 
tions of the revolving drum. This also 
raises the question of measuring the ani- 
mal’s frame of reference before placing 
it in the other types of designs men- 
tioned in this paper. This may be one 
of the advantages of utilizing exterocep- 
tive stimulation rather than hunger or 
thirst in animal experiments. 


DISCUSSION 


The foregoing programmatic outline 
of research is presented in Sroad outline 
form. The j.n.d. is actually a statisti- 
cally significant difference in time, er- 
rors, and correct choices. Different 
parts of these curves obtained should 
be compared statistically. The quanti- 
tative results expected might appear 
only in experiments with certain ani- 
mals. Perhaps only certain drives will 
be of use from a psychophysical point 
of view, possibly in connection with 
only a few types of animals, but ascer- 
taining such facts requires that many 
animals be utilized in testing each vari- 
ation of the hypothesis. 

It may be that many of the ex- 
perimental designs given here are too 
variable. The Skinner-type design was 
referred to for use in testing some hy- 
potheses, but perhaps additional appa- 
ratus, more sensitive and of a new type, 
should be devised. Certainly the ap- 
paratus suggested here should be modi- 
fied for the different species and for 
measuring such stimuli as light in 
comparison with the more conventional 
types of motivating stimuli such as hun- 
ger and thirst. Control groups are nec- 
essary where there is no difference be- 
tween the entrance box and the goal box 
(or its equivalent) with respect to the 
particular drive being tested. 

Details for investigating these abbre- 
viated hypotheses must be worked out 
for each experiment. Reference should 
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be made to the writer’s previous paper 
(3) on the application of psychophysics 
to learning and reinforcement. 


SUMMARY AND IMPLICATIONS 


Historically, the communication of 
ideas in a form in which the experi- 
mentalist can investigate them in the 
laboratory has been one of the prin- 
cipal functions of psychological the- 
ories. There are dangers and limita- 
tions in miniature quantitative theories, 
but there is also value in operationally 
defining problems so they may yield 
data that can invalidate or substantiate 
the basic assumptions underlying a the- 
ory. 

This paper has urged that, from tae 
psychophysical point of view, a tremen- 
dous amount of research is needed in 
the field of comparative psychology be- 
fore we can begin to construct theories 
that possess any degree of maturity, 
either qualitatively or quantitatively. 
It also has attempted to present re- 
search problems that might be quan- 
titatively tested in connection with the 
comparative aspects of motivation and 
reinforcement. 

The implications are that further in- 
tegration of the field drives with per- 
ceptual-type experiments, maze learn- 
ing, motivation, and utilization of more 
sensitive techniques similar to Skinner’s 
should be attempted in such a way that 
they may: (a) be checked psychophysi- 
cally, (6) be checked with many dif- 
ferent species, (c) have their functions 
checked against results obtained from 
the more conventional maze-learning ex- 
periments, and (d) yield results which 
might aid in giving us a more unified 
field theory for comparative psychology. 
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An impression that the theo-ems of 
inverse probability are of widespread 
applicability to learning theory is cre- 
ated by David Bakan in his recent pa- 
per “Learning and the Principle of In- 
verse Probability” (1). His treatment 
is very simple and very ingenious and, 
if one were not to give the matter too 
much thought, his conclusions would 
seem quite sound and powerful. Many 
statements about learning rates, extinc- 
tion rates, trial-and-error learning, in- 
sightful learning, etc. are made in Bak- 
an’s paper. The writer has no quarrel 
with these statements as such; however, 
it is felt that Bakan’s statements do not 
follow from his premises. The subse- 


quent discussion will attempt to show 
that inverse probability is not especially 
cogent to learning theory and that its 
use in that context is a misrepresenta- 
tion either of inverse probability or of 
learning theory. 

Bakan defines three entities: g, A, 


and x. For simplicity’s sake, our dis- 
cussion will include only g and x. How- 
ever, it should be understood that 4, 
which represents the ability level and 
prior experience of the organism, is as- 
sumed to be known in all of the subse- 
quent definitions. The symbol g is de- 
fined as a certain state of the organism, 
presumably a state in which the organ- 
ism is capable of responding in a par- 
ticular way—the organism, when in the 
state g, might be said to be “knowl- 
edgeable.”” The symbol x is defined as 
a particular proposition of knowledge, 
a hypothesis about the environment 
(e.g., “If I press the bar, I will get a 
pellet of food’). 


Bakan’s basic equation requires the 
following definitions: 

P(g) is the probability that the or- 
ganism is in the condition g. 

P(g/x) is the probability that the 
organism is in the condition g after x is 
verified or reinforced. 

P(x/g) is the probability that x will 
occur if the organism is in the condition g. 

P(x/g) is the probability that x will 
occur if the organism is met in the con- 
dition g. 

Df / 
R is the ratio Pts/8) 
P(x/2) 
Then Bakan writes (legitimately so) : 


R P(g) 
R P(g) + [1 — P(g) ] 
From this equation, Bakan derives all 
his results. 

This equation is said to involve in- 
verse probability because it attempts to 
infer causes from the observation of ef- 
fects. The equation contains expres- 
sions for the probabilities of occurrences 
which are never observable [P(g/x) and 
P(g)]. These probabilities ordinarily 
cannot be verified by counting the rela- 
tive frequencies of favorable occur- 
rences. Indeed, the philosophical dis- 
pute from which Bakan takes great 
pains to dissociate himself is concerned 
with the question of whether there exists 
any sense at all in which P(g/x) can 
be considered a probability. The nega- 
tive position, tersely stated, is that 
“either the organism is in the condition 
g, or it isn’t. A probability statement 


P(g/x) = 


1 Carnap (3) is engaged in an extensive logi- 
cal analysis of probabilistic statements. His 
work may provide a resolution of the long- 
standing philosophical dilemma. 
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is inappropriate.” According to this 
position, many classes of phenomena 
would be excluded from the realm of 
discourse of probability. For instance, 
one would never speak of the prob- 
ability of the truth of Weber’s Law, or 
of the mass-energy relation E = mc’, or 
of Freud’s theory of unconscious mo- 
tivation. These laws or theories are 
(provided the context of their applica- 
tion is defined) either true or they are 
false. Nor is there any connection be- 
tween “approximately true” and “mod- 
erately probable” insofar as theories or 
laws are concerned. 

From the point of view of the statis- 
tician, the only appropriate use of prob- 
ability with these classes of phenomena 
is to fall back on the statement: “If I 
claim this theory to be true, the prob- 
ability that my claim will be proven 
correct is such-and-so.” Then if many 


claims are made, one can calculate the 
expected number of correct claims. 


This 
procedure can lead to a maximization 
policy with respect to claims about un- 
observable causes—a kind of static 
“game theory” approach to the collec- 
tion of knowledge on the nature of the 
universe. “Maximum likelihood estima- 
tion,” together with the method of “‘con- 
fidence intervals” in statistical theory 
(4, pp. 507-513), is such an approach. 

Regardless of the philosophical merits 
of the argument against the use of in- 
verse probability, its cogency in the 
case of Bakan’s derivations is apparent. 
The argument is particularly devastat- 
ing when it is realized that the only rea- 
sonable interpretation of Bakan’s learn- 
ing curves is that they are functions de- 
scribing the experimenter’s “game.” If 
we take seriously Bakan’s formulation, 
which allows only two conditions for 
the organism, g and “not-g,” then we 
will find that the learning curve for an 
individual organism is not a gradually 
rising curve. If we know which condi- 
tion the organism is in at every trial, 
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we will find that the learning curve ap- 
proximates a step function. When the 
organism is in the state 7, it will re- 
spond at a low probability level of 
success, P(x/gz), and will keep respond- 
ing at this low level until suddenly it 
attains the state g. At this point, the 
organism will abruptly start responding 
with a high probability level of success 
P(x/g) and will forever after maintain 
this high level. A// learning would then 
be “insightful.” Now, conceivably, Bak- 
an’s “learning curve” can be viewed as 
an average of an infinite number of such 
step functions, each with a different 
time of cross-over from ¢% to g. How- 
ever, such a “learning curve” would 
have no meaning when applied to a 
single organism. To apply Bakan’s 
gradually rising curve to a single organ- 
ism is simply to admit our ignorance of 
the actual state of the organism at any 
given time. 

Bakan exposes himself all the more 


to this criticism by using 'R = 


as a parameter of the learning curve, 
implying that in a given case one might 
measure both P(x/g) and P(x/g) in or- 
der to be able to specify the exact form 
of the learning curve. However, such a 
measurement can only be made if there 
is some criterion by which we can deter- 
mine whether an organism is in g or in 
gz so that the relative probabilities of the 
occurrence of x in these two circum- 
stances can be determined experimen- 
tally. But if such a criterion existed, 
then the sensible thing to do would be 
to apply it to the organism while it was 
learning to find out when it was in g 
and when it was in zg, and thus solve 
the problem at once. R, then, is a 
parameter with the following properties: 


Either 1. It can never be measured 

in practice 
Or 2. Its measurement destroys 
the theoretical grounds on 


which it is based. 
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Bakan’s learning theory is not a the- 
ory of the learning process in a given 
organism, it is a theory of the process 
of analyzing the learning process of an 
organism. As such, it is typified by the 
situation in which a scientist analyzes 
the advancing state of his own knowl- 
edge. It does apply to “the method of 
science as a way of learning,” as Bakan 
claims, but it applies only in this situa- 
tion and not to classical learning theory. 
A rat is certainly not capable of analyz- 
ing his own learning process in this com- 
plicated way. To extend the results to 
classical learning theory would consti- 
tute a gross misunderstanding. 

The current mathematical models for 
the learning process (Mosteller and 
Bush [2]; Estes [5|) put the variable 
ignorance into the organism itself, in- 
stead of into the experimenter. They as- 
sume not two states of the organism, g 
and 7, but a continuum of possible 


states p, where p is the probability that 


the organism will make the correct re- 
sponse. The hypothetical learning curve 
is given by p as a function of the num- 
ber of trials. In this type of model, the 


ABELSON 


organism itself gradually becomes more 
and more certain of the correct response. 
In Bakan’s model, the experimenter 
gradually becomes more and more cer- 
tain that the organism is cognizant of 
the correct response. The former seems 
to be much the more appropriate model 
for the typical learning situation. That 
is not to say, of course, that Bakan’s 
results cannot prove to be of value in 
the limited context of scientific method 
as the experimenter’s way of learning. 
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A METABOLIC INTERPRETATION OF INDIVIDUAL 
DIFFERENCES IN FIGURAL AFTEREFFECTS 
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Wesleyan University 


A decade ago, Kohler and Wallach 
(6) studied the effects of prolonged 
figural stimulation on certain subse- 
quent perceptual test patterns, a phe- 
nomenon they called figural aftereffects. 
To account for these effects they postu- 
lated a change in the polarizability of 
that part of the brain upon which the 
previous contour had beer. projected, a 
process they termed satiation. 

It has been repeatedly observed (2; 
3, pp. 202, 207; 4, p. 202; 5, pp. 300. 
316; 8: etc.) that there are individual 
differences in the size of such figural 
aftereffects. If one tentatively accepts 
Kohler’s physiological model (3, 4, 5, 
6), then such individual differences 
must reflect differences in the ease with 
which a modification in cortical con- 
ductivity can be brought about. Such 
a view implies that figural aftereffects 
could be used to measure generalized 
cortical modifiability in an individual. 
Assuming that this modifiability is char- 
acteristic of the entire brain, and not 
specific to a given area, this leads to 
the prediction that the size of figural 
aftereffects in different modalities should 
be correlated, i.e., a small kinesthetic 
figural aftereffect indicates low cortical 
modifiability, which in turn would pre- 
dict a small visual figural aftereffect. 
Specifically, (@) visual and kinesthetic 
figural aftereffects measured on a large 
number of people should show a posi- 
tive correlation (as also suggested in 4, 
pp. 196-197) and (6) intraindividual 
changes in visual and kinesthetic fig- 
ural aftereffects should pursue a paral- 
lel course, assuming that an individu- 
al’s cortical modifiability will change 
through time. 


The satiation theory, as well as the 
newer statistical theory (7), involves 
physicochemical alterations in cortical 
tissue. These could be interpreted as 
implying metabolic changes. Thus one 
could argue that a relatively large fig- 
ural aftereffect reflects high physico- 
chemical modifiability and hence con- 
ceivably a high “metabolic efficiency.” ' 

Although this latter term is not suffi- 
ciently defined, it is adequate to yield 
some further predictions: (c) Size of 
figural aftereffect should correlate with 
physiological indicants of metabolic effi- 
ciency such as basal metabolic rate, 
thyroid activity, and such indices of 
circulatory efficiency as capillary struc- 
ture. (d) It should similarly correlate 
with behavioral indicants of neural effi- 
ciency such as reaction time and ease of 
simple sensory-motor learning. (e) An 
experimentally induced alteration in me- 
tabolism should be reflected in a con- 
comitant change in the size of figural 
aftereffects. (f) Schizophrenics, as a 
concrete example of a group of subjects 
with generally low metabolic efficiency 
(1, 8), should exhibit smaller figural 
aftereffects than normal subjects. 

All the above predictions have been 
subjected to at least a preliminary em- 
pirical test, and all have been essen- 
tially confirmed, with the exception of 
the one concerning simple sensory-mo- 


1 Originally we used the term “metabolic 
rate,” but experimental evidence has shown 
that this concept seems to be inadequate. In 
our data, figural aftereffects are maximal in 
the normal range of metabolic functioning 
and fall off on either side. This result has 
tentatively led us to the term “metabolic effi- 
ciency.” 
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tor learning, where the evidence was 
ambiguous. 

Although these predictions are the 
only ones tested thus far, the present 
interpretation could yield many more, 
especially in classes c and d above, e.g., 
predictions concerning hormonal bal- 
ance, stress effects, problem solving, and 
perceptual rigidity. Further, the vague- 
ness of the present formulation has the 
virtue of making it compatible with any 
theory of figural aftereffects in which 
metabolic changes in neural tissue can 
reasonably be assumed, be the theory 
in terms of homogeneous conductors 


(6) or neural elements (7). 
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